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INTRODUCTION
P ro p e r management o f  any  sp e c ie s  in v o lv e s  m a in ta in in g  a  b a lance  
betw een p o p u la tio n  numbers and th e  complex f a c to r s  making up th e  en­
vironm ent o f  th e  an im al. Some o f  the  p r in c ip a l  f a c to r s  i n  th e  e n v iro n ­
ment a re  food , cover, and w ater*  Cover and w a te r  a re  u s u a l ly  n o t a  
l im i t in g  f a c to r  i n  th e  N o rth e rn  Rocky Mountain Region; however, the  t o t a l  
fo rag e  and range req u irem en t o f  w ild  remLnants i n  Montana i s  v e ry  g re a t  
and in  many in s ta n c e s  can  be th e  l im i t in g  fa c to r*  S u f f ic ie n t  fe e d  i s  
a v a i la b le  to  them in  th e  s p r in g ,  summer, and f a l l ,  b u t in  w in te r ,  idien 
deep snows l i m i t  the amount o f  range a v a i la b le ,  la rg e  numbers o f  an im als 
a re  f re q u e n tly  c o n c e n tra te d  i n  a  r e l a t i v e l y  sm all a re a , TlJhen t h i s  o c cu rs  
overuse o r e lim in a tio n  o f  some p la n ts  from t h e i r  range, and s o i l  d e te r io ­
r a t i o n  may be th e  r e s u l t*
To m ain ta in  a ba lan ce  betw een p o p u la tio n  numbers and food su p p ly , 
i t  i s  n e ce ssa ry  to  know th e  am ount of fo rage  produced on a  game ra n g e , 
th e  q u a l i ty  o f  t h i s  fo o d , and th e  fo rage  needs and p re fe re n c e s  o f  th e  
game sp e c ie s  p re s e n t .  To d e te rm in e  th e  needs and p re fe re n c e s  f o r  e lk  a  
c o n tro l le d  feed in g  s tu d y  was u n d e rta k e n .
The purpose o f  t h i s  s tu d y  was to  o b ta in  in fo  im ation  on th e  
n u t r i t i o n a l  va lue  o f im p o rta n t s e le c te d  fo rage  sp e c ie s  f o r  e lk  as ex­
p re s se d  in  food consum ption and  anim al c o n d it io n ;  and to  determ ine a  
fo rag e  requ irem en t v a lu e  f o r  e lk  and c a t t l e  to  use in  p re se n t and 
fu tu re  e lk  range su rv e y s ,
—1—
N ative fo rag e  p la n ts  found on w in te r  game ranges in  w e ste rn  
Montana were used  a s  b a s ic  e lk  d i e t s  i n  th e  s tu d y . The d ie t s  con­
s i s t e d  o f cured  n a tiv e  b u n c h g ra ss , meadow hay, and n a tiv e  browse 
p la n ts  end com bination  d i e t s  were fo rm u la ted  from th e  th re e  b a s ic  
d i e t s .
l a
LITEmTüRE REVIENT
The t r u e  value o f  any food  m a te r ia l  i s  b e s t  de term ined  by 
a c tu a l  fee d in g  experim ents u n d e r c o n tro l  c o n d it io n s . Chemical 
a n a ly s is  o f  th e  food does not accoun t fo r  a l l  o f  the  f a c to r s  de term ­
in g  th e  v a lu e  o f  a food . Anim al husbandry  in v e s t ig a to r s  have been 
f u l l y  aware o f  t h i s  f a c t  fo r  many y e a rs  a s  ev idenced  by  many ex­
perim en ts tf ith  dom estic l i v e s t o c k .  The d e te im in a tio n  o f a food 
req u irem en t o f  d i f f e r e n t  c la s s e s  o f  anim als by  fe e d in g  u n d e r con­
t r o l l e d  c o n d itio n s  i s  a s ta n d a rd  m ethod,
Food req u irem en t s tu d ie s  w ith  e lk  a re  l im i te d .  B lunt (19?1) 
re p o r te d  the consum ption o f  a l f a l f a  hay by  e lk  c a lv es  to  be 3 ,6  
pounds p e r  anim al p e r n ig h t  a t  the  N a tio n a l E lk  Refuge, Jackson , 
Wyoming, ^C reeper c o r r a ls "  were u sed , a llo w in g  f re e  a c c e ss  to  th e  
fo rage  by th e  ca lv es  b u t e x c lu d in g  o ld e r  a n im a ls . He was no t c e r ta in  
o f  th e  number o f  ca lv es  u s in g  th e  c o r r a l s  d u rin g  the  n i ^ t .  Murie 
(19^1) r e p o r ts  th e  average d a i l y  r a t io n  p e r  head fe d  to  e lk  i n  s e v e ra l  
z o o lo g ic a l p a rk s as fo llo w s:
N a tio n a l Z o o lo g ica l P a rk , W ashington, B.C. -  10 pounds 
mixed hay, h q u a r ts  o a ts  and c o rn , 1 p in t  b ran .
New York Z o o lo g ica l P ark  -  7 pounds c lo v e r  hay, 6 q u a rts  
p lu s ,  c ru sh ed  o a t s ,  some v e g e ta b le s  (more g ra in  i n  w in te r ) ,
P h ila d e lp h ia  Z o o lo g ic a l Garden -  10 to  15 pounds mixed 
hay , 3 q u a r ts  c racked  c o m , c ru sh ed  o a ts ,  b ran .
He p o in ts  o u t t h a t  th ese  r e s u l t s  a re  in a p p l ic a b le  to  th e  w ild  because 
th e y  in c lu d e  c o n c e n tra te s  t h a t  e lk  do n o t o b ta in  on th e  ra n g e , Murie 
( 1951) a ls o  r e p o r ts  t h a t  b a sed  on e s t im a te s  o f  th e  t o t a l  number o f e lk
3
fe d  over a  known p e rio d  o f  tim e and th e  g ra s s  tonage o f  hay  su p p lie d  t o  
them on th e  N ationa l E lk  R efuge, d a i l y  hay consum ption was seven  to  te n  
pounds p e r  anim al p e r  d ay . I n  th e  w in te r  o f  1938-39, th e  r a t i o n  was 
abou t e ig h t  pounds p e r anim al* M urie (19$1) a ls o  d e sc r ib e s  a  s tu d y  made 
on th e  N a tio n a l E lk Refuge i n  th e  w in te r  o f  19i+0-Ul, under c o n tro l le d  
c o n d it io n s ,  to  determ ine th e  food  requ irem en ts per day, p e r  in d iv id u a l  
and p e r  hundredw eight, ov e r a  p e rio d  o f  1:3 d ay s. In  one p e n  were 
p laced  29 e lk  c a lv e s  and i n  a n o th e r  pen 25 a d u lts  (seven b u l l s  and 
e ig h te e n  cow s). The an im als w ere w e i r e d  a t  th e  beg inn ing  o f  th e  s tu d y  
on F eb ru ary  5 and a g a in  when th e y  were re le a s e d  on March 9# The hay 
g iven  to  them was weighed each d ay . Four H ereford  c a t t l e  were a lso  
fe d  from th e  same hay . The average  amounts consumed p e r  day  were r e ­
p o r te d ;
E lk C a lv es  7 .8  pounds each o r 3 .11 pounds p e r cw t.
A dult E l k . . . ...................1 2 .5  pounds each o r  2 .50  pounds p e r cw t.
A dult C a t t l e . . . . . . . .  3 1 .0  pounds each o r  3 .60  pounds p e r cw t.
E lk  a l l  a g e s . .............. 9 .8  pounds each o r  2 .70  pounds p e r  cw t.
The anim als were fe d  an u n r e s t r i c t e d  d i e t  b u t th e  e lk  n o t o n ly  l o s t  
w eigh t b u t a te  p ro g re s s iv e ly  l e s s .  The c a t t l e  ga ined  w eight d u rin g  th e  
s tu d y .
O lsen  (19Ü5) re p o r te d  t h a t  one a d u lt  e lk  fe d  a t  th e  Utah S ta te  
F ish  and Game Farm consumed 10 pounds o f  hay and 5 pounds o f g ra in  p e r  
day , o r  an e q u iv a le n t o f  1 7 .5  pounds o f hay . He a ls o  re p o r te d  t h a t  a  
group o f  seven e lk ,  in c lu d in g  one c a l f ,  two y e a r l in g s ,  two cows and two 
b u l l s  were fe d  a r a t io n  o f  e le v e n  pounds o f  hay p e r  anim al p e r  day .
O lsen  concluded t h a t  a d u l t  cow e lk  need s ix te e n  pounds o f hay  p e r day .
It
Hxmgerford (19^2) found t h a t  a d u l t  e lk  consumed an average o f  10.7  
pounds o f  hay d a i ly ,  o r  2 .06  pounds p e r  hundredw eight. C alves fe d  hay 
consumed pounds d a i ly  o r  2*3 pounds p e r  hundred w e ig h t. A dult
e lk  consumed 10.1; pounds o f  stem  cured  b u nchg rass , o r  2.02 pounds p e r  
hundredw eight. The average d a i l y  consum ption o f  one e lk  fe d  browse 
was 8.8U pounds fo rage p e r  day o r  2.07 pounds p e r hundredw eight. The 
a d u lt  e lk  l o s t  w eight th ro u g h o u t th e  s tudy , b u t th e  e lk  c a lv e s  gained  
w eigh t d u rin g  the  s tu d y  p e r io d .
No o th e r  r e p o r ts  cou ld  b e  d isco v ered  d e s c r ib in g  a c tu a l  fe e d in g  
o f  e lk  fo r  th e  purpose o f  d e te rm in in g  m aintenance re q u ire m e n ts . O ther 
methods have been employed to  a r r i v e  a t  th e  d a i ly  consum ption o f  e lk .  
Murie (1951) r e p o r ts  an ex am in a tio n  o f  139 e lk  paunches by  A s s is ta n t  
C h ie f Ranger Maynard Barrow s, Y ellow stone P ark , Wyoming, in  1937#
Based on th e  d r ie d  c o n te n ts ,  he o b ta in ed  th e  fo llo w in g  a v erag es:
B u lls  -  13.753 l b s .
Cows -  9*^98 l b s .
C alves -  7 «512 lb s*
From th e se  d a ta  i t  was co n clu d ed  t h a t  f o r  the  p e rio d  re p re se n te d  by  th e  
stomach c o n te n ts , a d u lt  e lk  r e q u i r e  abou t 1 1 .5  pounds and ca lv es  abou t 
7*5 pounds, p e r  day . Schw artz suid M itc h e ll  (19k5) r e p o r t  w et paunch 
w eigh ts o f  r e c e n t ly  k i l l e d  e lk  to  weigh 60 to  98 pounds. West ( I9 l i l )  
r e f e r s  to  a paunch o f  an a d u l t  cow e lk  as be in g  87 pounds wet w e i ^ t .  
The d r ie d  c o n ten ts  were 1 2 .8  pounds o r  15 p e r  cen t o f  the wet w e ig h t.
S ev era l in v e s t ig a to r s  have conducted  s tu d ie s  u sing  b o th  mule 
d e e r  and w h i te - ta i le d  d e e r .  Sm ith  (1953) re p o rte d  th a t  two mule d eer
?
consiamed an average o f 3#L9 pounds o f  a i r  d ry  herbage p e r  hundredw eight 
o f  d e e r d u iin g  th e  summer m onths and 19U8» The s tu d y  was p r im a r ily
a  fo rag e  p re fe re n c e  s tu d y . In  an e a r l i e r  study^ Smith (19?0) re p o r te d  th e  
consum ption o f  browse s p e c ie s  t o  be 2*7 &nd 2 .6  pounds p e r  day f o r  a  107 
pound and a 106 pound mule d e e r .  W eight was n o t  m ain ta ined  i n  t h i s  s tu d y . 
N ichol (1938) found t h a t  th e  av erag e  consum ption o f mixed herd  of mule 
d e e r and A rizona White t a i l  d e e r  to  be 2 ,35  pounds ÿ s r  h u n d re d w e i^ t.  Doman 
and Rassmussen (19UU) recommended 3*0 pounds o f a i r  d ry  fo rage  p e r  hun­
dredw eigh t and U.O pounds p e r  d a y  fo r  th e  average  d e e r . N orland (1951) 
found t h a t  B la c k - ta i le d  d e e r  consumed 2.85 pounds o f  fo rag e  p e r  hundred­
w eight and th e  d e e r l o s t  an av erag e  o f 8 .6  p e r  cen t on th e  browse d i e t .  
D avenport (1939) found th e  av erag e  d a i ly  t o t a l  consum ption to  be 2 .9b  
pounds p e r  hundredw eight f o r  c a lv e s ,  1 .91  pounds p e r  hundredw eight f o r  
d oes, and 1 .8 5  pounds p e r  hundredw eight o f  n o r th e rn  w h i te - ta i le d  d e e r .
Murie (1951) re p o r te d  t h a t  th e  H erefo rd  c a t t l e  used  in  the  19bO- 
b l  s tu d y  on req u irem en ts  a t  th e  N a tio n a l E lk  Refuge consumed 3*6 pounds 
o f  fo rag e  per hundredw eigh t. F ro h  t h i s  in fo rm a tio n  he concluded t h a t  
f o r  purposes o f  range s to c k in g , th re e  e lk ,  h e rd  ru n  a re  e q u iv a le n t to  
one a d u lt  dom estic  cow. S to d d a rd  and Sm ith (I9b3) quote îîasm ussen, e t .  
a l .  (1 9 b l) and give d i r e c t  com parisons between c a t t l e  and v a r io u s  w ild  
ru m in a n ts . He gave a  r a t i n g  o f  1 e lk  e q u a ls  i t .07 w hite  t a i l e d  d e e r ,
3*09 mule d e e r  and 0 .53  c a t t l e ,  o r  one cow e q u a ls  1 .88  e lk .  Rush (1930) 
q u o te s  a  f ig u re  o f  1 .33  e lk  p e r  head o f  c a t t l e .  P ick fo rd  and Reid 
(19U5) d e fin e d  one cow a s  e q u a l to  1 .2 5  e lk .  Sampson (1952) s t a t e s
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t h a t  m ature e lk  consume o n e -h a l f  to  th r e e - fo u r th s  as much fo rag e  a s  a 
m ature dom estic  cow.
Body s u r fa c e , a lth o u g h  a d i r e c t  index  to  fo rage  req u ire m e n ts , 
i s  d i f f i c u l t  o f  d e te rm in a tio n . Most feed in g  s ta n d a rd s  a re  based  on 
w eig h t. E xperience i n  feed  l o t s  w ith  c a t t l e  show t h a t  w e ig h t i s  a 
s u f f i c i e n t l y  r e l i a b le  in d ex  (S to d d ard  and Sm ith , 19h3) . M aintenance 
o f  w eigh t i s  th e  b a s ic  c r i t e r i o n  f o r  d e fin in g  a m aintenance r a t io n .  
W in te rin g  o f  game an im als i n  c o ld e r  c lim a te s , however, maybe accom­
pan ied  by  a  normal lo s s  o f  w e ig h t d u rin g  t h i s  seaso n . Murie (1951) 
s t a t e s  t h a t  e lk  u s u a l ly  lo s e  w e ig h t d u iin g  th e  w in te r .  T rippensee  
(19^8) s t a t e s  t h a t  lo s s  o f  w e ig h t d u rin g  th e  w in te r  i s  p robab ly  
c h a r a c t e r i s t i c  o f  most d e e r . Feeney (191*6) co n sid ered  a  t h i r t y  per*  
c en t w e igh t lo s s  to  be f a t a l  i n  d e e r .  He c o n s id e re d  a tw en ty  p e r 
c en t w eigh t lo s s  o f  a d u lts  and a  f i f t e e e n  p e r  cen t w eight l o s s  o f 
fawns to  be ”a llo w a b le ” .
A review  o f th e  l i t e r a t u r e  re g a rd in g  th e  fee d in g  v a lu e , chem ical 
com position , and d i g e s t i b i l i t y  o f  range forage shows the  w in te r  to  be 
g e n e ra l ly  most c r i t i c a l .  Deer foods produced under c o n d itio n s  which 
r e s u l te d  i n  a minimum p ro te in  c o n te n t  d u rin g  the  summer were a lm ost 
v a lu e le s s  i n  m idw in te r. A lthough  d e e r  were e a tin g  as much b u lk  as 
fo rm e rly , i t  appeared  th a t  th e  p r o te in  v a lue  was so low t h a t  the  d e e r  
r e c e iv e d  l i t t l e  nourishm ent (E in a rs e n , 191*6)* Mature g ra sse s  a re  com­
p a r a t iv e ly  h ig h  in  energy  b u t low i n  most o th e r  a s p e c ts .  E lk can 
w in te r  much b e t t e r  on d ry  g ra s s  th a n  d e e r ,  b u t i t  i s  n o t known w hether
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o r  n o t d ry  g rass  a lone is  an adequate  d i e t  to  b r in g  e lk  through a sev e re  
w in te r  (M itc h e ll , 19^1)* In  y e a r s  p a s t ,  v a s t  herds o f  b iso n  depended 
on cu red  g ra ss  f o r  w in te r  fe e d , and a t  p re s e n t  i t  i s  n o t an uncommon 
p r a c t ic e  f o r  fa rm ers  and ra n c h e rs  to  tu r n  t h e i r  h o rses o u t on th e  open 
range to  s h i f t  f o r  them selves d u rin g  th e  w in te r . C a tt le  and sh eep , l i k e ­
w ise , must depend on th e  range  g ra s s e s , w holly  o r  i n  p a r t ,  f o r  t h e i r  
w in te rs  supp ly  o f  food (C h r is te n s e n  and Hopper, 1932). Browse p la n t s  
a re  co m para tive ly  h ig h  i n  p r o t e in  and phosphorus b u t  are  r e l a t i v e l y  low 
i n  en erg y  supp ly in g  c o n s t i tu e n t s .  Forbs, e t  a l .  (l9U l) shows t h a t  w in te r  
d e e r  browse i s  o f  low n u t r i t i v e  v a lu e .
Chemical an a ly se s  a lo n e  do n o t give a com plete p ic tu r e  o f  th e  
n u t r i t i v e  v a lu e  o f v e g e ta t io n ,  b u t  th e y  do p rov ide  a com parative m easure 
and show what c o n s t i tu e n ts  a re  d e f i c i e n t  o r p re s e n t  i n  e x c e ss . For th e  
most p a r t ,  however, i t  i s  on th e s e  an a ly se s  t h a t  a ttem p ts  to  e v a lu a te  
th e  n u t r i t iv e  q u a l i ty  o f  fe e d s  a re  based  and w ith  re fe re n c e  to  which th e  
d i g e s t i b i l i t y  o f feeds i s  d e te rm in ed  ( E l l i s ,  M atrone, and Maynard, 19L 6).
quote Maynard and Cramp to n  who p o in te d  out th e  u n s a t is f a c to ry  n a tu re  
o f  th e  custom ary crude f ib e r - n i t r o g e n - f r e e  e x t r a c t  method when a p p lie d  
to  d i g e s t i b i l i t y  t r i a l s ,  and su g g e s te d  the  d e te rm in a tio n  o f l ig n in ,  
c e l lu lo s e ,  and o th e r  c a rb o h y d ra te s  (p r im a r i ly  s ta rc h e s  and su g a rs)  i n s t e a d .  
This method d iv id e s  the  c a rb o h y d ra te s  in to  i n d ig e s t ib le ,  p a r t i a l l y  d i g e s t i ­
b l e ,  and e a s i l y  d ig e s t ib le  f r a c t i o n s ,  r e s p e c t iv e ly .  I t  i s  su p e r io r  to  th e  
o ld  crude f i b e r  n i t r o g e n - f r e e  e x t r a c t  method because i t  p ro v id es  f r a c t io n s  
o f  b io lo g ic a l  s ig n if ic a n c e  r a t h e r  th a n  o f a r b i t r a r y  chem ical s ig n i f ic a n c e ,i
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S ince  l ig n in  i s  a p p a re n tly  n o t  d ig e s te d  ( E l l i s ,  e t .  a l# ,  19ü6, and 
M cCall, e t  al#  19Ü3), th e  l i g n i n  v a lu e s  i n  feed s  and fe c e s  prove u s e ­
f u l  i n  de te rm in ing  th e  c o e f f i c i e n t  o f  d i g e s t i b i l i t y  o f  o th e r  feed  
c o n s t i tu e n t s •
The s tu d y  re p o r te d  h ere  was designed  to  o b ta in  f u r t h e r  q u a n ti­
t a t i v e  in fo rm a tio n  on th e  w in te r  food  requ irem en ts  o f  e lk ,  and on th e  
n u t r i t i v e  va lue  and d i g e s t i b i l i t y  o f  n a tiv e  range fo ra g e .
METHODS AW  PROCEDURE
The fee d in g  pens u sed  i n  the s tu d y  were c o n s tru c te d  d u rin g  th e  
F a l l  o f  1951 and expanded i n  th e  F a l l  o f  19^2* The o r i g in a l  p h y s ic a l 
p la n t  c o n s is te d  o f  fo u r  r e c ta n g u la r  u n i ts  I 6 by 80 f e e t  w ith  wedge 
shaped p assag es  le a d in g  to  th e  w eighing la n e  and two la rg e  h o ld in g  
p e n s . The expansion  program  in c lu d ed  the  c o n s tru c t io n  of fo u r  a d d i­
t i o n a l  feed ing  p en s . The p h y s ic a l  p la n t  now c o n s is ts  o f  e ig h t  
in d iv id u a l  feed in g  pens and two la rg e  h o ld in g  pens.
Each pen was p ro v id ed  w ith  f a c i l i t i e s  f o r  fe e d in g , w a te rin g  
and p rov ided  w ith  s h e l t e r  f o r  the  fe e d . Each pen  was d esig n ed  so 
t h a t  th e  an im als cou ld  be d riv e n  to  th e  w eighing f a c i l i t i e s .  A 
b u ild in g  was prov ided  to  s to r e  th e  feed  and to  house th e  weighing 
f a c i l i t i e s .
The pens a re  lo c a te d  on th e  B lac k fo o t-C le a rw a te r Game Range 
abou t 50 m ile s  up th e  B lack fo o t R iv er from M issou la . The immediate 
v i c i n i t y  o f  the pens i s  f re q u e n te d  in  the  w in te r  by  w ild  e lk .
E xperim en tal Anim als-19^3
D uring the w in te r  o f 19?2-1953 the  ex p e rim en ta l anim als were 
tra p p e d  on the  B la c k fo o t-C le a rw a te r  Game Range. T rapping o p e ra tio n s  
began e a r ly  i n  December b u t  were u n su c c e ss fu l u n t i l  December 17^;19$2, 
when fo u r e lk  c a lv es  and th r e e  cow e lk  were tra p p e d  and h e ld  f o r  the  
s tu d y . On December 21, one more e lk  c a l f  and one cow e lk  were added 
to  th e  group b e in g  h e ld . A d d itio n a l cow e lk  were tra p p e d  on December 
2hf when two more were added , December 27, when th re e  more were added
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P la te  I  -  E xperim en tal feed in g  pens viewed from th e  southwest#
Com position o f  the  meadow hay used in  th e  feed in g  s tudy ,
1 . A g ro s tis  a lb a  
2# Phleum p ro ten se
3 . Carex spp*
ii. Agropyron repens
Taraxacum o f f i c in a le  and P o te n t i l l a  sp,
6 . T rifo liu m  hybridum
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on Jan u ary  1 and 2 , 195U when one more was trap p ed  each  day and h e ld  
fo r  the  s tu d y . IVhen th e  s tu d y  began, e le v e n  cow e lk  and f iv e  e lk  
c a lv e s  were a v a i la b le .
In  a d d i t io n  to  th e  e lk ,  f o u r  m ature range c a t t l e  were donated  
f o r  use d u rin g  th e  19?2-1953 s tu d y  by S tan  M ongrain, Manager o f  th e  
game ran g e .
The cow e lk ,  as th e y  were b rought in to  th e  fe e d in g  pens were 
g5,ven meadow hay , stem cured  b u n ch g ra ss , and mixed brow se. The d i e t  
o f  th e  an im als was g ra d u a lly  a d ju s te d  tow ard th e  d i e t  to  be u sed  in  
th e  s tu d y , so t h a t  when th e  s tu d y  th e  anim als were in  good f l e s h  and 
were c o n sid e red  to  be i n  norm al e a r ly  w in te r  c o n d it io n .
At th e  b e g in n in g  o f  the  s tu d y , the  anim als were ex trem ely  w ild  
and th e  s l i g h t e s t  a c t i v i t y  would d is tu r b  them.
E xperim en ta l Anim als-19^k
E f fo r ts  to  o b ta in  a su p p ly  o f  e lk  f o r  th e  n u t r i t i o n  s tu d y  began 
on November 2hf 19^3 when i t  was a ttem p ted  to  d r iv e  e lk  on th e  N a tio n a l
B ison Bange w ith  th e  use o f a  h e l io c o p te r .  E f fo r ts  f a i l e d  because o f
in c lem en t f ly in g  w ea th e r. S e v e ra l o th e r  a ttem p ts  were a ls o  u n su c c e ss fu l,
The f i r s t  e lk  were tra p p e d  on th e  B la c k fo o t-C le a rifa te r  Game Range
on December 21, 19?3 when two cow e lk  and two e lk  ca lv es  were h e ld  f o r
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th e  study* One cow e lk  was caugh t on Jan u ary  1 , 19^k and th re e  cow e lk  
and two ca lv es  on January  1 ?^^ . On January  10 , 19SL, fo u r  cow e lk
and one c a l f  were added to  th e  study  from a group o f  e lk  t h a t  had been
b rough t to  th e  B la c k fo o t-C le a rw a te r  Game Range as a p a r t  o f  th e  Yellow­
stone  Park re d u c tio n  program* When the s tu d y  began, te n  cow e lk  and 
f iv e  e lk  c a lv e s  were a v a i la b le  f o r  use in  th e  s tu d y .
The e lk  were hand led  i n  a manner s im ila r  to  th e  f i r s t  year*
A ll  o f  th e  cow e lk  were fed  a l l  o f  the  food m a te r ia ls  to  be used in  
th e  s tudy  and the  d ie t  o f  each  was g ra d u a lly  a d ju s te d  toward th e  d i e t
to  be used  in  th e  study* When th e  s tu d y  began, a l l  o f th e  e lk  were
ex trem ely  w ild .
F ive  m ature range c a t t l e  were a ls o  used in  th e  s tu d y . The 
c a t t l e  were c o n tr ib u te d  fo r  u se  in  the  1953-9U s tu d y  by Mr* J .  J* 
H endricks, Cottonwood Ranch, Woodward, Montana*
F orage C o lle c tio n
B lack fo o t Bunchgrass -  Stem cured  n a tiv e  bunchgrass was h a rv e s te d  
on B lanchard F l a t  on th e  B la c k fo o t-C le a rw a te r  Game Range on O ctober 23, 
2hy and 25^ 1952* No r a i n  o r  snow had f a l l e n  on the  a re a  d u rin g  th e  
F a l l ,  and as a consequence, th e  bunchgrass was somewhat more d u s ty  th â n  
norm al.
The g ra s s  was c u t w ith  a  power mower (P la te  I I )  equipped w ith  a 
m eta l pan a tta c h e d  to  th e  s i c k le  b a r .  The bunchgrass was hau led  to  the  
game range h e a d q u a rte rs , b a le d ,  and s to re d  u n d er cover. About one to n
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P la te  I I  -  C o lle c tin g  bunchgrass on th e  Sun I&ver Game Range*
Equipment used  to  h a rv e s t  bunchg rass , shotting 
c o l le c t in g  pan a tta c h e d  to  the s ic k le  bar*
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was c o l le c te d  and s to re d . T his bunchgrass was n o t used  in  the  s tu d y , 
b u t was h a rv e s te d  and h e ld  in  r e s e rv e  i n  the  even t t h a t  inc lem en t w eather 
should  p re v e n t h a rv e s tin g  bunchg rass from th e  Sun R iver Game Range,
A ugusta , M ontana. No a d d i t io n a l  bunchgrass was h a rv e s te d  in  19?3*
A lthough the  B lack foo t bunchg rass was n o t u sed  in  the  s tu d y , th e  
com position  o f the  fo rage  i s  p re s e n te d  fo r  com parison w ith  the bunchgrass 
h a rv e s te d  on the  Sun R iver Game Range f o r  use  in  the  s tu d y . The Composi­
t i o n  (Table I )  i s  based on tw en ty  random p lo t s ,  f iv e  square f e e t ,  c lip p e d  
on B lanchard  F l a t ,  and i s  e x p re sse d  i n  p e r c en t o f  t o t a l  w eigh t by s p e c ie s .
TABLE I
COMPOSITION OF THE BLACKFOOT BUNCHGRASS IN PER CENT OF TOTAL WEIGHT BY
SPECIES
19Ç2-Ç3 19^3-5k
F estuca  scabr e l i a ....................... 31 .39
Agropyron sp ica tu m ..................... 33.31*
F estuca  id a h o e n s is ..................... 23.18
B alsam orhiza s a g i t t a t a ........... 1 .83
K o e la ria  c r i s t a t a ....................... 2 .30
M isce llaneous w eeds.................. . . .  h .92 2 .66
100.00% 100.00#
Sun R iver Bunchgrass -  On November 1 , and 2, 19^2, stem cured  
b unchg rass was mowed on the Sun R iv er Game Range n e a r A ugusta, Montana. 
The g ra s s  was mowed as c lo se  to  th e  ground as p o s s ib le  u s in g  th e  same 
equipm ent t h a t  had been used  to  h a rv e s t  th e  g ra s s  on B lanchard  F l a t .
I t  was b a le d  and hau led  to  th e  H ead q u a rte rs  o f  the  B la c k fo o t-C le a rw a te r  
Game Range, n e a r  the  feed in g  p e n s , and s to re d  under co v er fo r  fu tu re  u s e .  
The a re a  h a rv e s te d  had been co v ered  by e ig h t  in ch es  o f  snow on O ctober 13
1?
b u t had m elted  o f f  by th e  tim e th e  bunchgrass was h a rv e s te d . I t  was 
d e s ira b le  to  g e t fo rag e  s im i la r  in  n u t r i t i v e  value  to  fo rag e  t h a t  the  
w ild  e lk  would be u s in g  d u rin g  th e  w in te r . I t  i s  d o u b tfu l w hether 
enough p r e c ip i t a t i o n  had f a l l e n  on th e  fo rage  to  cause m it r i e n t  lo s s  
th rough  le a c h in g  e q u iv a le n t  to  t h a t  which could  be expec ted  i n  fo rag e  
c o l le c te d  in  m idw in ter. R e s u lts  o f  chem ical a n a ly s is  (Appendix,
Table X) o f  a sample o f  th e  fo ra g e  c o lle c te d  d u rin g  th e  F a l l  compared 
w ith  th e  r e s u l t s  o f  a sample c o l le c te d  i n  l a t e  F eb ruary , 19^3 in d ic a te s
th a t  th e  n u t r i t i v e  q u a l i ty  o f  th e  feed  was s im i la r .  The work o f  H a r t ,
e t  a l .  (1932) j McCall (1939 ), H elm ers(l9liO ), S toddard (19^1) and Cook 
and H a rr is  (1990) a l l  in d ic a te  t h a t  i t  would be expected  th a t  th e  more 
so lu b le  f r a c t io n s  would have been  leach ed  o u t o f  the fo rag e  used  i n  th e  
s tu d y  by th e  tim e i t  was c u t ,  b u t  t h i s  was n o t th e  c a se .
On O ctober 29 and 27, 1993, stem  cured  bunchgrass was c o l le c te d
on app ro x im ate ly  the  same a re a  as th e  p rev io u s  y e a r  on th e  Sun R iv e r 
Game Range. The method of h a rv e s t in g  and hand ling  was th e  same as had 
been used on th e  B la c k fo o t-C le a rw a te r  Game Range and on th e  Sun R iver 
Game Range th e  p rev ious y e a r .  One and o n e -h a lf  to n s o f  fo rage was 
h a rv e s te d  each y e a r  f o r  th e  s tu d y .
The com position , based  on  tw en ty  random sam ples, f iv e  square 
f e e t  each , c lip p e d  in  th e  im m ediate a re a , i s  p re sen te d  in  Table I I .  
Com position i s  ex p re ssed  in  p e r  cen t o f t o t a l  w eight by s p e c ie s .
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TABLE I I
COMPOSITION OF THE SUN FIVER BUNCHGRASS IN FER CENT OF TOTAL
miGHT BY SPECIES
1952-53 1953-51
Agropyron sp ica tu m ..................................  ^6 . 0 0  1 8 . 5 0
F estu ca  scab r e l i a .   ......................  13 .80  26.00
F estuca  o v in a   13 .80  II4. 6 O
B alsam orrh iza  s a g i t t a t a ....................... 11 .50  15*U0
Lupinus sp ....................................................  0 ,00  U-50
K o e le ria  c r i s t a t a . . .   2 . 3 O 0 .00
M uhlenbergia a s p e r i f o l i a ....................  0 .00  3.1^0
0 % ytropis sp   0 .0 0  1 .5 0
Phleum p r a t e n s i s     1 .10  0 .00
M isce llaneous -weeds................................ 11 .50  I 6 .IO
100.005g 100.1
Chemical a n a ly s is  (A ppendix , T ab les X and XI) o f  sam ples o f  
bunchgrass c o l le c te d  both  y e a r s  from th e  Sun R iver Game Range and from 
the  B lack fo o t-C lea rw a te r Game Range show the  fo rage  on bo th  of th e s e  
ranges to  be o f  s im ila r  n u t r i t i v e  v a lu e . The dom inant s p e c ie s , making 
up th e  b u lk  o f  th e  food m a te r i a l ,  was a ls o  very  s im ila r  (T ables I  and 
I I ) .  Bunchgrass from e i t h e r  game range c o u ld  p ro b ab ly  have been used  
in  th e  s tu d y  w ith  com parable r e s u l t s .
Hay -  I r r ig a t e d  meadow h ay  was s e le c te d  from hay h a rv e s te d  on 
th e  B lack fo o t-C lea rw a te r Game Range. A p o r tio n  o f  th e  meadow was 
s e le c te d  t h a t  was as f r e e  from lo n g  awned g rasse s  as p o ss ib le  and w ith  
o u t a  high p e rcen tag e  of c lo v e r  and sed g es . A meadow hay o f  medium 
n u t r i t i v e  q u a l i ty  was d e s i r e d ,  n e a r  an average fo r  w este rn  Montana 
(P la te  1 ) .
Facing  17
P la te  I I I  -  E lk c a lv e s  used in  the  fe e d in g  study  shoviing 
method o f  fe e d in g .
One of tlTs c a t t l e  used  i n  th e  s tudy  shoi-zing 
creneral ty i'e  and conform ation  o f  the  anim als,
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Chemical a n a ly s is  (A ppendix, Table X) o f  a sample o f th e  fo rag e  
h a rv e s te d  from the  meadow th e  f i r s t  year showed th e  fo rage to  be d e f i c i e n t  
in  p ro te in  and to  have a v e ry  vrLde calcium  to  phosphorus r a t i o .  The 
meadow was f e r t i l i s e d  in  th e  e a r ly  s p r in g  o f  1953 to  c o rre c t  th e se  de­
f i c i e n c i e s .  They hay was h a rv e s te d  in  e a r ly  August each y e a r , b a le d  and 
s to re d  under cover f o r  use  i n  th e  s tu d y . About two and o n e -h a lf  to n s 
were h a rv e s te d  fo r  th e  s tu d y  i n  1952 and th re e  to n s  in  1953,
The com position  o f th e  meadow hay was based on tw en ty  random 
sam ples, f iv e  square f e e t ,  i n  1952 and from b a led  sam ples c o lle c te d  
th ro u g h o u t th e  fee d in g  p e rio d  i n  1953 and 195U i s  p resen te d  in  Table I I I .  
Com position i s  exp ressed  by  p e r  cen t o f  t o t a l  w eight by sp e c ie s .
TABLE I I I
COMPOSITION OF MEADOW HAY BY PER CENT OF TOTAL 
WEIGHT BY SPECIES
1952-1953 1953-1954
A g ro s tis  a lb a ........................    56.34 46 .73
Phleum p r a t e n s i s     27-95 37-27
Carex l o n g i s t l v i s  
Carex n e b ra s k e n s is  
Carex f e s t i v e l l a
E le o c h a r is  s p .............................................    9-03 13-10
Agropyron r e p e n s ..............................................  3-87 1 .4 2
Taraxacum sp , and p o t e n t i l l a  s p . . . .  1-94 .78
T rifo liu m  h y b rid u m .   . 67 .70
1 0 0 . 00  ̂ 1 0 0 . 00% 
Browse -  The browse su p p ly  was c u t  a t  weekly in te r v a l s  b o th  y e a rs  
th ro u g h o u t th e  fee d in g  p e r io d  on th e  F la th e a d  In d ian  R ese rv a tio n  la n d s  
n e a r  E varo, Montana, u t i l i z i n g  s tu d e n t h e lp . Two sp e c ie s  o f  S a l ix  sp .
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and A m elanchier a ln i f o l i a  were the  m ajo r sp e c ie s  a v a i la b le .  Acer 
glabrm rij Cornus s to lo n i f e r a , and Geanothus v e lu t in u s  were c o l le c te d  
in  the  B lack fo o t R iver v a l l e y  w ith in  a te n  m ile ra d iu s  of th e  feed in g  
pens. The branches were cu t i n  fo u r fo o t le n g h ts  and t i e d  i n  bund les 
w ith  heavy tw in e . The browse was tru c k e d  to  th e  feed in g  pens and 
s to re d  u n t i l  needed. A pproxim ately  one and o n e -h a lf  to n s  o f browse 
were used each  week d u rin g  b o th  y e a rs  o f  the  feed in g  s tu d y .
Feeding  Methods
A known w eight o f  hay  o r g ra s s  was fed  to the  an im als each 
morning in  the s h e l te re d  feed  bunks (P la te  IV ). The nex t morning, th e  
rem ain ing  unused m a te r ia l  was rew eighed and the  amount consumed was c a l ­
c u la te d  by  d if fe re n c e . A ll o f  th e  feed  n a te r ia l  was weighed w ith  a 
Hanson d a iry  sca le  and w e i ^ t s  were reco rded  to  th e  n e a re s t  o n e -te n th  
pound. A f te r  th e  amount consumed had been de t e  m in e d , an amount o f  
fo rage approx im ate ly  eq u a l to  t h a t  consumed was added to  b r in g  th e  t o t a l  
w eigh t up to  the  d a i ly  r a t i o n .  Approidimately o n e ^ th ird  more feed  was 
p re sen te d  to  each anim al th a n  i t  no rm ally  consumed to  be sure i t  would 
tak e  as much as  i t  d e s i r e d .  Twice, each  week, a l l  o f  the  coarse  re fu s e d  
m a te r ia l  was weighed and d is c a rd e d  and a new d a i ly  r a t i o n  p re se n te d  to  
the  an im al. This was done to  g ive th e  an im als some choice b u t  to  p re ­
v en t the  use  o f on ly  th e  most p a la ta b le  sp e c ie s  in  th e  hay o r g ra s s .
The browse fo rage  was t i e d  in to  b u n d les  f o r  ease in  liand ling  
and to  keep the e lk  from s c a t t e r i n g  th e  m a te r ia l .  S u f f ic ie n t  browse 
fo rag e  was p re se n te d  to  th e  an im al so t h a t  app rox im ate ly  f i f t e e n  o r
Facing  20
P la te  IV -  Cow e lk  feed in g  in  th e  s h e l te r  over the  feed  bunk.
Cow e lk  feed in g  on browse under s h e l te r  e re c te d  to  
keep snow o f f  the  b row se.
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more pounds o f  c u rre n t y e a rs  grow th was a v a ila b le *  I t  was n o t p o s s ib le  
to  p re s e n t  equal amounts o f  d i f f e r e n t  sp e c ie s  to  th e  e lk  a t  a l l  tim es 
because o f  th e  d i f f i c u l t y  o f p ro c u rin g  la rg e  amounts o f  some o f  th e  
species*
S ev era l methods o f  p re s e n tin g  th e  browse to  the  an im als were 
t r i e d  b e fo re  a s a t i s f a c to r y  method was found. The most s a t i s f a c to r y  
method t r i e d  was to  p lac e  th e  browse bundles beh ind  a r u b - r a i l  a lo n g  
th e  fence* S h e l te r s  were c o n s tru c te d  over th e  browse in  th e  r u b - r a i l s  
to  e lim in a te  snow and r a in .  The browse bund les were weighed b e fo re  and 
a f t e r  b e in g  browsed by the  e lk ,  u s in g  th e  same sc a le  t h a t  was used  to  
weigh the  hay and grass*
The amount o f fo rage  consumed in  a fee d in g  study  i s  u s u a l ly  r e ­
duced to  an a i r  d ry  b a s i s .  T h is was done when th e  forage v a r ie d  in  
m oistu re  c o n te n t o r  when p r e c i p i t a t i o n  f e l l  on the  fbed d u rin g  the  ex­
perim en t (M oreland, 19^1 ). The meadow hay and bunchgrass were s h e l te r e d  
from th e  tim e th e y  were cu t u n t i l  u sed  by th e  e lk  in  the  s tu d y  so t h a t  
i t  was un n ecessa ry  to  a p p ly  a c o r r e c t io n  f a c to r .  The browse fo ra g e , 
c o l le c te d  f r e s h  each week, was found to  v a iy  c o n s id e ra b ly  in  m o is tu re  
th roughout th e  s tu d y  p e r io d . Sam ples, s e v e n ty -f iv e  to  one-hundred  
gram s, were taken  tw ice  each week th roughou t the  study  p e rio d , d r ie d  
to  a i r  d ry  m o is tu re  co n ten t and rew eighed . A ll browse w eigh ts were 
a d ju s te d  to  an a i r  dry  b a s i s  to  make the  w eigh ts of hay, g ra s s ,  and 
browse com parable.
The average m o is tu re  c o n te n t o f  the browse u sed  in  the  s tu d y  i s  
p re se n te d  in  T able IV.
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TABLE IV
AVERAGE MOISTURE COOTENT OF BROWSE BORAGE 
USED IN THE STUDY
1952-^3 1953-5U
January  19.^9% 2h^3^%
F ebruary  22.$0^ 29*29^
W eather Data
W eather d a ta  were re c o rd e d  b o th  y e a rs  th roughout th e  s tu d y  
p e r io d . Maximum and minimum te m p era tu re s  were read  a t  ^ o^clock P.M. 
d a i ly .  D aily  average wind v e l o c i t i e s  were o b ta in ed  from a th re e  cup 
anemometer mounted in  the  c e n te r  o f th e  fee d in g  pens.
Cheiro-cal A naly sis
The a n a ly se s  commonly ma.de on f e e d s tu f f s  a re  : m oisture^ e th e r
e :rb rac tj crude p r o t e i n c r u d e  f ib e r^  a sh , and n itro g e n  f re e  e x tra c t*  
These a n a ly ses  show the  r e l a t i v e  p ro p o rtio n s  of th e  v a rio u s  n u t r i e n t  
c o n s t i tu e n ts  p re se n t in  th e  fo o d  m a te r ia l .  Samples were tak en  d a i ly  
o f  a l l  o f  the d ie t s  th ro u g h o u t th e  p e rio d  o f  th e  s tu d y . The chem ical 
a n a ly se s  were conducted by  th e  Departm ent of Chem istry Research^ Montana 
A g r ic u l tu ra l  Experim ent S t a t i o n ,  Bozeman, Montana and was c a r r ie d  o u t in  
accordance w ith A.O.A.C. s ta n d a r d s .  R e su lts  o f  th e  chem ical a n a ly se s  
o f  th e  food m a te r ia l  used i n  th e  s tu d y  a re  shown in  th e  Appendix,
T ables X and XI.
L ig n in  v a lu es f o r  b o th  th e  food and the fe c e s  v^re  determ ined 
by  a method suggested  by E l l i s ,  M atrone, and Maynard (19^6). D e ta ils
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o f  th e  L ign in  d e te rm in a tio n  method are  p re se n te d  i n  th e  Appendix* Since 
l ig n in  i s  a p p a re n tly  not d ig e s te d  by rum inan ts , the  l ig n in  v a lu e s  o f 
the  feeds and fe c e s  may be u se d  to  determ ine the  r e la t iv e  d i g e s t i b i l i t y  
o f  the  o th e r  c o n s t i tu e n ts  in  th e  feed* T his method o f  de term in ing  
d i g e s t i b i l i t y  i s  r e f e r r e d  t o  a s  th e  l i g n i n  r a t io  method* Samples used 
f o r  l ig n in  d e te rm in a tio n  o f  th e  feed  was a p a r t  o f  the same m a te r ia l  
used i n  th e  s tan d ard  a n a ly s i s .  Samples o f  the feces fo r  l ig n in  
d e te rm in a tio n  were c o l le c te d  tw ice  each week th roughout th e  s tu d y  
p e rio d  bo th  years*  The l i g n i n  d e te rm in a tio n s  were done i n  d u p lic a te s*
In  cases o f  obvious la c k  o f c o r r e l a t io n ,  an e r r o r  in  la b o ra to ry  p ro ­
cedure was considered  to  be p re s e n t  and th e  t e s t  was repeated* The 
r e l a t i v e  d i g e s t i b i l i t y  o f th e  feed  was determ ined by u sin g  th e  fo llo w ­
ing  form ula:
P e rcen t D i g e s t ib i l i t y  ^  ^L ignin  in  Feed y ^NonLignin in  Feces ^
of a "Fteed = 100 -  ( 100 ^L ign in  'in Feces % on  L ig n in  in  Feed \
FORAGE COKBUMFTION AND ANIMAL RESPONSE 
R e su lts  m th  Bunchgrass
Animais #3 and #8 were fed  to g e th e r  in  one of th e  feed in g  pens 
from January 6 , 1953 u n t i l  F eb ru ary  l 6 ,  when cow #8 was removed from
the s tu d y . Cow #3 was fed  a lo n e  in  the pen u n t i l  March 1 . D a ily  con­
sum ption and consum ption p e r  hundred pounds o f  body w eight was ca lcu ­
l a t e d  as an average o f the  two d u rin g  the tim e they were being  fed 
to g e th e r .  The i n i t i a l  w e ig h t o f cow #3 was 14+8 pounds and o f  cow #6 ,
501 pounds. Both were an im als  trap p ed  on the  B lac k fo o t-C le a rw a te r 
Game Range.
Two more an im als, #2 and #7# were fed  a bunchgrass d i e t  from 
Jan u ary  11 u n t i l  March 7> 195U* Cow #2 was g iven  a bunch g ras  s -c o n ife  r  
d i e t ,  b u t s in c e  she showed no p re fe re n c e  f o r  any of th e  co n ife ro u s
browse p re se n te d  to  her d u rin g  th e  p e rio d  o f  th e  s tu d y , she was
e s s e n t i a l l y  ta k in g  a bunchgrass d i e t .  The anim als were fe d  i n  se p a ra te  
pens th roughou t the s tu d y . Consumption v a lu es  were computed as an 
average o f  th e  two a n im a ls . The i n i t i a l  w eigh t o f cow §2 was 5lO pounds 
and o f  cow #7 , ii72 pounds, and b o th  were a p a r t  o f  th e  group brought 
to  the  B la c k fo o t-C le a n v a te r  Game Range as a p a r t  o f the  Y ellow stone 
p a rk  re d u c tio n  program. D uring the  second y e a r  o f  th e  s tu d y , th e  
an im als were handled  th e  same d u rin g  th e  ad ju stm en t p e rio d  and were 
fe d  the same w eight o f  feed  a s  du rin g  th e  prev ious y e a r .
The average food consum ption of th e  p a i r  o f  cow e lk  fed  bunch­
g ra ss  was 10 .75  pounds, o r  2 .3 0  pounds o f  feed  p e r  hundred w e i ^ t  
d u rin g  the f i r s t  y e a r  o f th e  s tu d y . T o ta l average consum ption and
2U
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and consum ption p e r  hundred w e ig h t was low er during  the  second w in te r  
o f  the s tu d y , when th ey  were fe d  i n  se p a ra te  pens. The cow e lk  con­
sumed an average of 7*75 pounds o f  bunchgrass d a i ly ,  or 1.S8 pounds o f
food p e r  hundred w eight d u rin g  the  second y e a r  o f th e  s tu d y .
The anim als d id  not m a in ta in  t h e i r  o r ig in a l  w eight e i t h e r  year* 
when fed  th e  bunchgrass d i e t .  The lo s s  in  w eight was 6<,hS p e r c e n t o f 
the  study and 1 .93  per c e n t d u rin g  th e  second y e a r . Weight tre n d s  
and average d a i ly  consum ption a re  showp in  F igu re  1 . Consumption o f  
bunchgrass p e r hundred w e ig h t compared to  o th e r  d ie t s  i s  shown in  
F igure  8.
R e su lts  w ith Meadow Hay 
Cow e lk  ^2 and were fe d  to g e th e r  in  one o f the  feed in g  p e n s .
Cow was fed  s e p a ra te ly  in  an  a d ja c e n t feed in g  pen. A ll th re e  e lk
had been p re v io u s ly  trap p e d  on th e  B lack fo o t-C lea rw a te r Game Range and
had been given a d i e t  o f  b u n c h g ra ss , meadow hay, and brow se, u n t i l  the
study  began. The r e l a t iv e  p ro p o r t io n s  o f  th e  d i f f e r e n t  food m a te r ia ls  
had been a d ju s te d  g ra d u a lly  to w ard  th e  meadow hay d i e t  to  avoid an 
ab rup t change i n  d i e t .  The o r i g i n a l  w eight o f cow #2 was h29*$ pounds, 
o f  cow #li, 938 pounds, and o f cow U32 pounds. A ll th re e  e lk  were
given the  meadow hay d i e t  from  Ja n u a ry  U, u n t i l  F ebruary  1, when cows
#2 and were removed from th e  s tu d y  (D ise ase , I n j u r i e s ,  and M o r ta li ty , 
Page 90). Cow #9 con tinued  i n  th e  s tudy  w ith  a brow se-hay d i e t .
During th e  second w in te r  o f  the s tu d y , cow #1 trap p ed  on th e  
B lack fo o t-C learv ra te r Game Range was g iven  a meadow-hay d ie t  f o r  3k days
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from December 28 to  F ebruaiy  1* She u as  removed from th e  s tu d y  a t  t h a t  
tim e because she f a i l e d  to  a d ju s t  to  c a p t iv i t y .  Her o r ig in a l  w eight 
was ii66 pounds.
During both  years o f  th e  s tu d y , th e  e lk  were given from IS to  
78 pounds o f  hay p e r an im al. The co arse  re fu sed  m a te r ia l was d isc a rd e d  
tw ice  each week. None o f  th e  cow e lk  m ain ta ined  t h e i r  o r ig in a l  body 
w eight du ring  e i th e r  y e a r o f  th e  s tu d y . D uring the  f i r s t  w in te r  of the  
s tu d y  th e  e lk  a te  an average o f  7*23 pounds o f  a i r  d ry  hay d a i ly ,  or 
2.0L pounds of feed  per hundred  w eigh t and l o s t  2 .66  p e r cen t o f  t h e i r  
o r ig in a l  body w eigh t. D uring the  second w in te r  o f  th e  s tudy , cow #1 
a te  an average o f 9.72 pounds o f  a i r  d ry  hay p e r  day, o r  2 .0 9  pounds 
p e r  hundred w eight and l o s t  6 .0 0  p e r  cen t o f  h e r  o r ig in a l  body w e i ^ t .  
W eight t re n d s  and average d a i l y  food consum ption a re  shown i n  F igu re  2. 
Comparative consumption o f  a i r  d ry  hay p e r hundred w eight i s  shown in  
F ig u re  8.
F ive e lk  c a lv e s , tra p p e d  on th e  B lac k fo o t-C le a rw a te r Game Range 
were fed  a i r  dry meadow hay i n  one o f  th e  la rg e  h o ld ing  pens d u rin g  the 
f i r s t  y e a r  o f  th e  s tu d y . F ive e lk  c a lv e s  were a lso  fed  hay du rin g  the  
second y e a r  o f th e  s tu d y . F o u r o f th e  c a lv e s  were trapped  on the 
B lack fo o t-C learw a te r Game Range and one c a l f  was added to  th e  study  
from th e  group brough t to  th e  B la c k fo o t-C le a n ^ a te r  Game Range from 
Y ellow stone Park ,
The average feed consum ption f o r  the c a lv es  during  th e  f i r s t  
y e a r  o f  the  study  was 6 .7 ?  pounds o f  a i r  d ry  hay, o r 2 .?9  pounds p e r
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hundred w eight and gained  1 .7 3  p e r  c e n t o f  t h e i r  o r ig in a l  body w eig h t. 
During the second m n te r  the c a lv e s  consumed 7.32 pounds each daily_, o r  
2 .66 pounds p e r  hundred w eight and gained  0 . l8  p e r  cen t o f t h e i r  o r ig in a l  
body weight* The w eight t r e n d s  and d a i ly  consumption f o r  bo th  y e a rs  o f 
the  study  a re  shown in  F ig u re  3 .  Com parative consum ption during  bo th  
y ears  o f th e  s tu d y  p er hundred w eight i s  shown in  F igure  8*
Four m ature range c a t t l e  were fed  meadow hay during  th e  f i r s t  
w in te r  o f  th e  study  and f iv e  d u rin g  th e  second m n te r ,  in  a la rg e  ho ld in g  
pen ad jacen t to  the  e lk  fe e d in g  p en s. The average feed  consum ption 
during  the f i r s t  w in te r  o f  th e  s tu d y  averaged 1 7 .lb  pounds daily^, or 
2.0b pounds per hundred w e ig h t. The f iv e  c a t t l e  averaged 19*^6  pounds 
o f  hay each du ring  the  p e r io d  o f  th e  s tu d y , or 2 .36  pounds p e r  hundred 
w eigh t. D uring the f i r s t  y e a r  o f  th e  s tu d y , th e  c a t t l e  l o s t  3,^7 p e r 
cent and d u rin g  the  second y e a r  o f th e  s tu d y  th ey  gained b . l5  p e r c e n t.  
During both  y e a rs  o f th e  s tu d y  th e  c a t t l e  consumed an amount o f food 
commensurate w ith  t h e i r  age and w eigh t when compared to  N a tiona l 
■Research C ouncil s ta n d a rd s . D a ily  consum ption and w eight t r e n d s  o f  th e  
c a t t l e  are  shown in  F igure  b* Com parative consum ption per hundred 
w eight fo r th e  c a t t l e  fo r  b o th  y e a rs  o f  th e  study i s  shown in  F ig u re  8.
R e s u lts  w ith  Browse 
D uring th e  f i r s t  y e a r  o f  th e  s tu d y  Cow ^6 was given a mixed 
deciduous browse d i e t .  A f te r  she had been trap p e d  on the  B lack fo o t-  
C learw ate r Game Range and moved to  th e  feed in g  pens, she was g iven  hay, 
bunchg rass , and mixed browse b e fo re  th e  s tu d y  began, a d i e t  s im ila r  to  
th e  o th e r  e lk  i n  the  s tu d y . H er d i e t  was g ra d u a lly  changed tow ard
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Figure 4 -  Food Consumption and Weight Trends
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browse du ring  the  ad justm ent period*  At the beg inn ing  o f  the  s tu d y  
she weighed 556 pounds» From Ja n u a ry  6 to  January  30 she l o s t  10*88 
p e r cen t o f  h e r  body w eight and was removed from the s tu d y .
During th e  second y e a r  o f  th e  study  Cows #3 and #5 were given
a mixed deciduous browse d i e t  from January  25 to  March ?• Both an im als
had been trap p ed  on th e  B la c k fo o t-C le a rw a te r  Game Range and had a ls o  
been g iven  hay^ bunchg rass, and mixed browse du ring  th e  ad justm en t 
p e rio d . The anim als were fe d  i n  s e p a ra te  pens th roughou t the s tu d y  
period  because i t  was im p o ss ib le  to  p re s e n t  enough browse f o r  b o th  o f 
the anim als i n  one pen.
The food consum ption d u rin g  th e  f i r s t  y e a r  o f  th e  study  fo r  one 
e lk  averaged 8*68 pounds d a i l y ,  o r  1 .5 6  pounds p e r  hundred w e i ^ t .
Cow #6 l o s t  an excessive  amount o f  w e ig h t, 10.88  p e r  c e n t , du ring  the
27 day p e rio d  she was g iv en  mixed brow se.
Cows #3 and ^5 consumed an average o f 9»77 pounds of forage 
each du ring  th e  i|2 days th ey  w ere mixed brow se, o r  2*08 pounds o f  
food p er hundred w eigh t. A ll  w e igh ts o f food ea ten  have been a d ju s te d  
fo r  m oistu re  con ten t (Table IV ) . These an im als l o s t  an average of 
1 .92 p er c en t o f  t h e i r  body w e ig h t du ring  the  p e rio d . D a ily  food con­
sum ption and w eight tre n d s  a re  shown i n  F igure  5* Comparative con­
sum ption per hundred w e i ^ t  i s  sh o i^  i n  F igure  8 .
Tie s u i t s  w ith  Hay-Browse 
A com bination d i e t  o f  meadow hay-m ixed deciduous browse was 
added to  the study  on F e b ru a ry  2 d u rin g  the f i r s t  y ea r o f  the  s tu d y .
3h
Cow which had been g iven  a meadow hay d ie t  d u ring  the  e a r ly  p e rio d  
o f  the  f i r s t  y e a r  o f  the s tu d y  was changed over to  the  new d i e t .
D uring the p reced ing  p e rio d  t h i s  cow had e a te n  an average o f  7*23 
pounds d a ily ,  o r  1 .68 pounds p e r  hundred w eight and had l o s t  an average 
o f 2 .66  p e r  c e n t. When mixed browse was added to  her d i e t ,  her d a i ly  
consumption was ra is e d  to  13.& pounds o r  3*18 pounds p e r  hundred w eigh t. 
Her r a te  o f w eigh t lo s s  was a ls o  changed vAien browse was added to  h e r 
d i e t .  She had l o s t  2 .66 p e r  c e n t  when fed  on ly  hay and 1 .5 ^  p e r cen t 
when browse was added.
A meadow hay-browse b i e t  was a ls o  used  during  the second year 
o f  th e  s tu d y . Cow was tra p p e d  on the  B lack fo o t-C lea rw a te r Game 
Range and Cow §9 was added to  th e  study from th e  group b rough t in  to  
th e  Game Range from Y ellow stone P a rk . Both an im als were fed  in  th e  
same pen from January  10 to  March ? .  The consum ption fo r  bo th  anim als 
the  second y e a r was 12.93 pounds d a i ly ,  o r  2.U9 pounds p e r  hundred 
w eigh t. The o r ig in a l  w e igh t o f  Cow was 1|67 pounds and o f  Cow #9, 
k78 pounds. These two cows ga in ed  an average o f 2 .12 p e r  cen t o f  
t h e i r  o r ig in a l  body w eigh t d u r in g  th e  study  p e rio d . During the f i r s t  
y e a r  o f  th e  s tu d y , browse made up 39*01 p e r c e n t and hay made up 68.91 
p e r  c e n t o f the food consumed by the e lk .  During the  second y ea r o f  
tine s tu d y , browse made up o n ly  9*00 p e r  c e n t ,  and hay 91*00 p e r cen t 
o f  th e  food consumed by th e  e l k .  The food consum ption and w eight 
t re n d s  o f th e  anim als d u rin g  b o th  y e a rs  o f  the study  a re  shown in  
F ig u re  6 . Comparative consum ption p e r  hundred w eight i s  shown in  
F igu re  8 .
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R e s u lts  w ith  Bunchgrass-Browse 
A com bination d i e t  o f  bunchgrass-m ixed deciduous browse was 
fed  during  b o th  y e a rs  o f  th e  s tu d y . This d i e t  com bination was formu­
la te d  to  sim u la te  c o n d itio n s  found  on se v e ra l e lk  w in te r  ran g es  i n  th e  
f o o t - h i l l  reg io n s o f  w este rn  Montana,
Two cow e lk 5 bo th  tra p p e d  on th e  B lack fo o t-C learw a ter Game Range, 
were fed  the  com bination d i e t  du ring  th e  f i r s t  y e a r  o f  the  s tu d y . Both 
cows were fed to g e th e r  from Ja n u a ry  6 u n t i l  February  1^ when one cow 
con tinued  on in  th e  s tu d y  u n t i l  March 1 .  IJhen the  study began. Cow #7 
weighed 1:77.S pounds and Cow ^10 weighed U6i: pounds. During th e  p e rio d  
o f  th e  study , 11 .80  pounds o f  food were taken  by the  e lk ,  o r 2.1:9 
pounds p e r  hundred w eigh t. These anim als l o s t  0 .3^  p e r cen t o f  t h e i r
o r ig in a l  body w eigh t. B unchgrass made up 62.25 p e r c en t of th e  food
consumed w hile mixed browse made up 37*75 p e r c en t.
During the  second y e a r  o f the  s tu d y , two more e lk  were given 
the  same d i e t .  Cow #6, w eighing  5 l3  pounds and trap p ed  on the  Black­
fo o t-C le a rw a te r ' Game Range was p a ire d  w ith  Cow #8, w eighing 50U pounds
and trap p ed  in  Y ellow stone P a rk  and moved th e  s tudy  a re a  on th e  B lack-
fo o t-C le a n v a te r  Game Range. Both anim als were fed  i n  th e  same pen 
to g e th e r  u n t i l  February  l 5 ,  when Cow was removed from the  s tudy  and 
tu rn e d  lo o s e . She was removed from the  s tu d y  because she d id  no t ad­
j u s t  to  confinem ent in  the  fe e d in g  pens.
During th e  p e rio d  o f  th e  s tu d y  the second y e a r , th e  e lk  consumed 
an average o f  9 .28 pounds o f  fo ra g e  d a i ly ,  o r 1 .90  pounds p e r  hundred
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w eigh t. The anim als d id  n o t  m a in ta in  t h e i r  o r ig in a l  body w eight du ring  
the second y e a r  o f  th e  s tu d y  b u t  l o s t  5*36 pe r c e n t. Bunchgrass made 
up 66.01 pe r c en t o f  th e  food  tak en  by  th e  e lk  w h ile  mixed browse made 
up the  rem ain ing  33*09 p e r  c e n t .  The food consumption and w eight fo r  
t h i s  com bination d i e t  d u rin g  b o th  y ea rs  o f  th e  study  a re  shown i n  
F igure  ?• Comparative consum ption p e r  hundred w eight i s  shown in  
F igure  8.
R e s u lts  w ith  B unchgrass-C onifer
During th e  f i r s t  y e a r  o f  the  study^ i t  was planned to  use a com­
b in a t io n  d i e t  composed o f  bu n ch g rass  and c o n ife r  brow se. The cow e lk  
assigned  to  t h i s  d ie t  d id  n o t a d ju s t  to  confinem ent i n  the  feed in g  pens 
and was removed from the  s tu d y  a f t e r  on ly  a few days. During th e  sh o r t  
p e rio d  of tim e she was g iven  c o n if e r  browse and she showed no p re fe ren c e  
fo r i t .
Cow § 2 ,  w eighing ^10 pounds and b rough t to  th e  B la c k fo o t-C le a r-  
w a te r Game Range from Y ellow stone Park was given the  same com bination 
d i e t  du ring  the second y e a r  o f  th e  s tu d y . The c o n ife r  browse c o n s is te d  
o f  Douglas f i r  ( Psuedotsuga t a x i  f o l i a ) and lodge pole Pine ( P inus c o n to r ta
v a r .  Murray ana) and the su p p ly  o f  th i s  food m a te r ia l  was c o lle c te d
l o c a l l y  as i t  was needed in  th e  s tu d y .
D uring th e  p e rio d  o f  th e  s tu d y , no p re fe re n c e  was shown f o r  c o n i­
f e r  brow se. The food consumed by th e  e lk  was e s s e n t i a l l y  a bunchgrass 
i e t  and th e  consum ption v a lu e s  a re  in c lu d e d  under t h a t  head ing .
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BroTJse P re feren ce  
Throughout th e  two w in te rs  o f  the  s tu d y , w e i ^ t s  of the  v a rio u s  
browse sp e c ie s  were reco rded  by sp e c ie s . To o b ta in  a measure o f  browse 
p re fe re n c e , th e  amount o f  th e  food e a te n  by the e lk  was compared to  th e  
t o t a l  amount a v a i la b le  to  them each day. During the  f i r s t  y e a r  o f the 
s tu d y . Dogwood (Cornus s to lo n i f e r a ) , and Snowbrush (Ceanothus v e lu t in u s ) 
ra te d  the h ig h e s t .  The p re fe ren ce  v a lu e s  were 16.39 p e r cen t and I 6 .O7 
p e r c e n t, r e s p e c t iv e ly ,  a lthough  th e se  va lues a re  based on o n ly  a  few 
days. The e lk  used 10.9ii p e r cen t o f the  t o t a l  amount o f W illow (S a l ix  
s p p .) ,  7o90 p e r  cen t o f th e  Mountain Maple (Acer glabrum) and 6 .19  p e r  
cen t of the  S e rv ic e b e rry  (A m elanchier a l n i f o l i a ) .  Two browse s p e c ie s .  
Sage Brush (A rtem isia  t r i d e n t a t a ) and R usset B u ffa lo b e rry  (E laeagnus 
can ad en sis) ,  re c e iv e d  0 p e r  cen t p re fe re n c e . Browse p re fe ren c e  in  p e r  
cen t o f  th e  t o t a l  amount a v a i la b le  to  the  e lk  i n  1953 i s  p resen ted  i n  
Table V.
In  the second y e a r o f th e  s tu d y , Snowbrush ag a in  r a te d  the  h ig h e s t  
w ith  a value o f  27*58 p e r  c e n t. Willow ra te d  second w ith  a value o f  
IU .99 per c e n t .  Dogwood was r a te d  t h i r d  w ith  a value o f  11.9ii p e r  c e n t .  
The e lk  used  10 . 06 p e r  c en t o f th e  M ountain maple and 7*55 p e r  cen t o f 
the  S e rv ic e b e rry . Again th e  second y ear o f  th e  s tu d y , Snowbrush,
M ountain m aple, and Dogwood were i n  s h o r t  supp ly  and could  be used  in  
the  s tu d y  on ly  when a v a i la b le .  Browse p re fe ren c e  in  p e rcen t o f t o t a l  
amount a v a i la b le  to the e lk  in  19Sh i s  p re s e n te d  i n  Table V I.
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TABLE V
BROWSE PREFERENCE IN PER CENT OF THE TOTAL AMOUNT AVAILABLE 
THAT WAS EATEN BY THE ELK -  1953
S e rv ice b e rry T o ta l A vail­
a b le  Founts
Per cent 
o f Diet
Ave. Avail­
ab le /d ay  
Pounds
T o ta l
Eaten
Pounds
Ave.
Eaten/day
Pounds
No. of days 
A vailable
Per C€ 
Eaten
S e rv ice b e rry 5585.10 62.70 59.42 346.10 3.68 94 6.19
W illow 3092.20 34.72 32.90 338.50 3.60 94 10.94
Mountain
Maple 123.06 1.38 7.69 9.23 0.58 16 7.50
Snowbrush 47.70 0.53 4.77 7.67 0.77 10 16.07
Dogwood 37.50 0.43 4.17 6.40 0.71 9 16.39
Sagebrush 4.40 0.04 2.20 0.00 0.00 2 0 .00
R usset
B u ffa lo b e rry 17.75 6.20 8.92 0.00 0.00 J t 0.00
T o ta l A vailab le 8 9 0 7 .5 1 100.00^
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TABLE VI
BROWSE PREFERENCE IN PER CENT OF THE TOTAL AMOUNT AVAILABLE
THAT WAS EATEN BY THE ELK -  1954
T o ta l A vail­
ab le  Pounds
Per cent 
of D iet
Ave. Avail­
ab le /day  
Pounds
T otal
Eaten
Pounds
Ave.
Eaten/day
Pounds
No. of days 
A vailab le
Per cen t 
Eaten
S e rv iceb e rry 7210.80 70.36 57.23 544.50 4.32 126 7.55
Willow 2558,00 24.97 20.30 383.55 3.04 126 14.99
Mountain
Maple 231.60 2.27 10.53 23.30 1.06 22 10.06
Snowbrush 159.20 1.55 4.82 43.90 1.33 33 27.58
Dogwood 87.90 0.85 8.79 10.50 1.05 10 11.94
T o ta l
A vailab le 10 , 247.50 100.00%
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TABLE VII
SPECIES COMPOSITION
1953
Ave* Amount 
eaten  per day 
by each cow
OF BROWSE DIET, EATEN
Per cent of Species 
in  ave. d a ily  d ie t
BY COW ELK
1954 
Ave, amount 
eaten  per day 
by each cow
Per cen t of Species 
in  ave, d a ily  d ie t
Willow 4.47 29.35 2,77 25.59
S e rv ice b e rry 5.27 34.60 3.96 36.58
Dogwood 1.90 12,47 1.18 10.94
Mountain
Maple 1.74 11.43 1.27 11.74
Snowbrush 1.Ô5 12.15 1 ,64 15,15
Sagebrush 0,00 0.00 0.00 0.00
R usset
B u ffa lo b e rry 0.00 0.00 0.00 0,00
15.23 lb s 100.00^ 10.82 lb s . 100.00^
l*u
The average amount o f  browse by sp e c ie s  e a te n  p e r  day by th e  
cow e lk  given a browse d i e t  d u rin g  bo th  o f  th e  y ea rs  o f  th e  s tu d y  i s  
p re se n te d  in  Table V II . The amount o f  each sp e c ie s  e a te n  by th e  cow 
e lk  was in f lu e n c e d  by the  amount o f  each sp e c ie s  t h a t  was a v a i la b le  
to  feed  the  e lk . I t  was n o t p o ss ib le  to  give th e  e lk  enough o f  each 
o f the  sp ec ie s  used in  th e  s tu d y  to  a r r iv e  a t  a t ru e  p re fe ren ce  r a t i n g .  
The f a c t  th a t  S e rv ic e b e rry , f o r  in s ta n c e , made up 3U*60 p e r c en t o f  
the  amount taken  by the  e lk  i n  1953 and 36.58 per c en t i n  195^ i s  a 
r e f l e c t io n  o f th e  amount a v a i la b le  r a th e r  th a n  a p re fe ren c e  r a t i n g .
I f  enough of each browse s p e c ie s  had been a v a i la b le  so th a t  the  e lk  
cou ld  have had f re e  ch o ice , th e  va lues would re p re s e n t  a more com plete 
p ic tu re  o f  th e  food h a b i t s .  W illow , which made up 29.35 per cen t o f  
the d i e t  i n  1953 and 25-59 p e r  cen t in  195k^ made up 3li-72 p e r  c en t o f 
the  t o t a l  o f th e  browse a v a i la b le  in  1953 and 21;.97 p e r  cen t o f  th e  
t o t a l  a v a ila b le  in  1951+ (T ab le  V and V I) . Serv ice  b e rry  made up th e  
bu lk  o f the  r e s t  o f  the brow se a v a i la b le ,  62.70 p e r  c en t i n  1953 and 
70.36 per c en t in  195U. I f  a s  much w illow  had been a v a i la b le  f o r  use 
in  th e  study  as S e rv ic e b e rry , th e  p re fe ren ce  r a t in g s  may have been 
changed c o n s id e ra b ly .
During th e  ad ju stm en t p e r io d , b e fo re  the study  began, a l l  o f  
the  cow e lk  were given meadow hay, m ature bunchg rass , and mixed brow se. 
During t h i s  p e rio d  none o f  th e  cow e lk  a te  any o f  th e  browse and v e iy  
l i t t l e  o f  th e  b u nchg rass . B unchgrass was e a te n  in  sm all amounts vhen 
s u f f i c i e n t  hay was n o t  a v a i la b le  to  them .
1*5
R e la tiv e  D ig e s t ib i l i t y  o f Forage 
The l ig n in  values fo r  b o th  the  food and the fec e s  and the 
c a lc u la te d  p er cen t d i g e s t i b i l i t y  of th e  food i s  p resen ted  in  Table 
V III .
TABLE V III
LIGNIN CONTENT OF DIETS FED TO ELK AND CATTLE AND RELATIVE 
DIGESTIBILITY OF THE FOOD AS DETERMINED BY THE LIGNIN
RATIO METHOD.
D iet
Per cent L ign in  
in  food
Per cent L ignin  
in  feces
C a lcu la ted  Per 
cen t D ig e s t i ­
b i l i t y  o f food
1953
Hay
E lk calves 7.99
Cow e lk  7.99
C a ttle  7.99
Bunchgrass 9.31
Browse 18. U7
Hay -  Browse 11 .2^
Bunchgrass -
Browse 12.77
1951»
8.1*1
6.1(1
8.1*1
9.1*3
1 8 .89
12.61*
11 .97
1953
16.71
17.28
18.98
18.21
21.06
17.58
22.59
1951*
21.73
17.82
16.08
15.21
23.83
25.53
19.68
1953
57.05
58.75
63.22
53.89
15.01*
1*0.57
1*9.81*
P atton  and G ieseker (19l*2) s ta te d  th a t  l ig n in  was not only  in ­
d ig e s t ib le ,  b u t a lso  th a t  i t  d e c rea se d  the d i g e s t i b i l i t y  o f  o th e r con­
s t i tu e n t s  by the  m echanical e f f e c t  o f  an in d ig e s t ib le  e n c ru stin g  m a te r ia l .
1951*
66.93
57.66
52.08
1*1.97
25.57
57 .60
1*1*. 78
U6
su rround ing  p la n t  t is su e s*  There i s  some in d ic a t io n  in  th e  study t h a t  
l i g n in  co n ten t o f the d i e t  d id  a f f e c t  th e  d i g e s t i b i l i t y  o f th e  n u t r ie n ts  
in  th e  food . T able V III shows when th e  l i g n i n  co n ten t i s  h ig h , th e  
d i g e s t i b i l i t y  o f  the food m a te r ia l  i s  low . The low c a lc u la te d  d i g e s t i ­
b i l i t y  of th e  browse i s  a ls o  r e f l e c t e d  in  the  w eight response o f the  
e lk  (F igu re  5)* Chemical a n a ly se s  (Appendix Table X and XI) show t h a t  
the  browse was one of th e  b e s t  d i e t s  i n  th e  s tu d y .
Meadow hay and b u n c h g ra ss , lA ich  had a low er l ig n in  p e rc en ta g e , 
a lso  had a h ig h e r  c a lc u la te d  d i g e s t i b i l i t y .  Combination d ie ts  v a r ie d  
in  l ig n in  percen tage  depending on how much hay , bunchgrass, or browse 
the  an im als a te .  The c a lc u la te d  d i g e s t i b i l i t y  o f  th e se  d ie t s  v a r ie d  
alm ost d i r e c t l y  w ith  th e  l ig n i n  c o n te n t.
The per cen t o f l i g n i n  i n  the  d i e t s  was found to  be ve ry  s im i la r  
in  bo th  y e a rs  o f  the  s tu d y . The p errcen b  o f  l ig n in  in  th e  fe c e s  d i f f e r e d  
more w idely  in  the  two y e a rs ,  in d ic a t in g  a v a r i a b i l i t y  i n  th e  d ig e s tiv e  
c a p a c i t ie s  o f  th e  e lk .  T his in d iv id u a l  v a r i a b i l i t y  i s  r e f le c te d  i n  the 
c a lc u la te d  p e r cent d i g e s t i b i l i t y  o f th e  food Table V I I I ) .
ADDITIOHAX OBSERVATIONS 
Temperament
The a d u lt  cow e lk  used  i n  th e  s tudy  were very  nervous and 
e x c ita b le  d u rin g  th e  a d ju s tm en t p e rio d  and w e ll in to  th e  study  p e r io d .
As th e  s tu d y  p ro g ressed  th e y  became more adap ted  to the ro u tin e  
a c t i v i t i e s  n e c e s s i ta te d  by  th e  study  and to  the  presence o f f a m il ia r  
humans. Any change in  th e  ro u t in e  a c t i v i t i e s  o r any o u ts id e  v i s i t o r s  
were im m edia te ly  d e te c te d  by th e  e lk .  D uring both y e a rs  o f  th e  s tu d y , 
none o f  th e  e lk  would e a t  d u rin g  the d a y lig h t  hours when any humans 
were p re s e n t ,  u n t i l  w e ll tow ard  th e  end o f  th e  study p e r io d , when s e v e ra l  
o f  th e  cow e lk  were observed coming up to  the  feed  bunks and e a t in g  
im m ediately  a f t e r  th e  d a i ly  r a t i o n  was p u t b e fo re  them. Cow #3 became 
tame enough to  tak e  food from any f a m i l ia r  p e rso n s hand d u rin g  th e  
second y e a r o f  the  s tu d y  b u t would im m ediate ly  become d is tu rb e d  i f  an  
u n fa m ilia r  person  came n e a r  th e  feed in g  pens. Anger was u s u a l ly  ex­
p ressed  by  th e  cow e lk  by  g r in d in g  o f th e  t e e th  or by  s t r i k in g  w ith  
the  f r o n t  f e e t ,  and o c c a s io n a l ly  b y  b a rk in g . D istu rbance  was ex p re ssed  
by pacing  back and f o r th  a lo n g  th e  fe n c e . The ca lv es m ille d  around 
when th ey  were d is tu rb e d . The e lk  ca lv es  became w ell a d ju s te d  e a r ly  
in  th e  study  bo th  y e a rs  and even i f  th e y  were d is tu rb e d  by  u n fa m ilia r  
v i s i t o r s ,  would soon become a d ju s te d  to th e  new s i t u a t io n .
A ll o f  the anim als became e x c e s s iv e ly  d is tu rb e d  when th ey  were 
d r iv e n  from t h e i r  pens to  th e  s c a le s  to be weighed. Food consum ption 
dropped from one day and o c c a s io n a l ly  fo r  two days fo llow ing  th e
h i
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P la te  V -  Co*w e lk  used  in  th e  s tu d y . Also showing canvas
c u r ta in s  e re c te d  a t  th e  back end o f  each pen used  
by th e  e lk  to  h id  beh ind  when d is tu rb e d .
Cow e lk  used i n  th e  s tu d y .
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d is tu rb a n c e  (F ig u re s  1 through. ? )•  L ess and l e s s  d i f f i c u l t y  was ex­
p e rien ced  weighing the an im als as th e  study  p ro g ressed  and by th e  end 
o f  th e  study  the  e lk  were d is tu ib e d  v e ry  l i t t l e  by th e  e x p erien ce . 
U sually^ a f t e r  an i n i t i a l  w e ig h t lo s s  when th e  cow e lk  were f i r s t
b rough t to  th e  pens, th e y  g a in ed  back th e  l o s t  w eigh t as th ey  became
a d ju s te d  to th e  c o n d itio n s  o f  th e  s tu d y . I f  th e  e lk  were unable  to  
a d ju s t  to  confinem ent, the  lo s s  in  w eigh t co n tin u ed .
¥ h en  cow e lk  or e lk  c a lv e s  were fed  to g e th e r ,  th ey  a te  side  
by s id e  in  th e  feed ing  s h e l t e r  (P la te  I I I ) .
In  g e n e ra l, beg inn ing  w ith  the c a lv e s , and p ro g ress in g  through 
the  o ld e r  age groups, the a n im a ls  became p ro g re s s iv e ly  l e s s  ab le  to  
a d ju s t  them selves to  confinem ent and to  th e  p resence  of humans. The 
c a lv e s  were always easy  to  hand le  and a d ju s te d  r e a d i ly  to  any new 
s i tu a t io n .  Cow #3, d u rin g  th e  second y e a r  o f  the  s tu d y , had been ear-" 
tagged  as a c a l f  two and o n e -h a lf  y ea rs  b e fo re , and s t i l l  r e ta in e d  th e  
a b i l i t y  to  a d ju s t  to  a new s i t u a t i o n ,  a lth o u g h  l e s s  so t h a t  the c a lv e s .
O lder cow e lk , as judged by  in c re a s in g  in c i s o r  wear in  th e  low er jaw ,
remained w ild .
During th e  m iddle o f  Ja n u a ry  o f  th e  f i r s t  y e a r  o f  the  s tu d y , 
canvas c u r ta in s  were hung a c ro s s  th e  pen, e ig h t  f e e t  from the end to  
b re a k  the  momentum of th e  e lk ,  i n  case th e y  became e x c e ss iv e ly  d is tu rb e d  
and ra n  down to  the  end o f  th e  pen too  f a s t  to  s to p  b e fo re  runn ing  in to  
th e  fence and in ju r in g  th em se lv es  (P la te  V ). The e lk  soon began u s in g
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the  canvas to  h id e  behind w henever th ey  became d is tu rb ed »  The canvas 
proved to have a q u ie tin g  in f lu e n c e  on th e  e lk .  The use o f  canvas 
a c ro ss  th e  pen proved s u c c e s s fu l  d u rin g  the second y ear o f  the  study  
as well#
No d i f f i c u l t y  was ex p erien ced  using  m ature range c a t t l e  i n  th e  
s tu d y . They r e a d i ly  a d ju s te d  them se lves to  the c o n d itio n s  o f  the study  
w ith in  a v e ry  s h o r t  tim e.
D isease^  In ju r ie s ^  M o rta li ty
D uring th e  f i r s t  y e a r  o f  the s tu d y , seven of th e  cow e lk  became 
in fe c te d  w ith  hoof r o t .  E x ce ss iv e  w earing o f  the  hooves o f  the  e lk  
and th e  r e s u l t in g  in f e c t io n  was deteanmined to  be th e  cause o f  d e a th .
A ll seven o f the  e lk  t h a t  were in f e c te d  were removed from the s tu d y  and 
were au to p s ied  by  personnel from  th e  U, S. P ublic  H ealth  S e rv ice , 
H am ilton, Montana. During the  second y e a r  o f  the  s tu d y  when th e  canvas 
c u r ta in s  were employed from th e  b eg inn ing  o f the s tu d y  and c o n s id e ra b le  
sc reen in g  was done to  g e t y o u nger an im als fo r  th e  s tu d y , no d i f f i c u l t y
was experienced  w ith  the  hoof r o t .  Three cow e lk  were removed from
the s tu d y  th e  second y e a r  how ever, when i t  was seen th a t  th e y  rem ained 
w ild  and d id  n o t a d ju s t  th em se lv es to  confinem ent.
One c a l f  was in ju r e d  b e fo re  th e  study  began d u rin g  th e  f i r s t  
y e a r  when i t  ran  in to  th e  fen ce  a t  the  end o f  the  pen. The c a l f  soon
recovered  however, and was fed  th roughou t th e  study  p e r io d . One c a l f
was in ju r e d  du ring  tra p p in g  o p e ra tio n s  th e  second y e a r  and developed
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a lim p i n  the l e f t  h ind  l e g .  The c a l f  was rep la ce d  by a n o th e r c a l f  
b e fo re  the  study  began. There was no evidence o f n e c ro t ic  s to m a t i t i s  
in  th e  e lk  c a lv e s .
W ater Consumption 
W ater was made a v a i la b le  to  th e  cow e lk  and the  c a lv es  by  p la c in g  
a m etal container* in  th e  pen and f i l l i n g  i t  by hand through th e  fence 
d a i ly .  During most of th e  f i r s t  w in te r , and th roughou t the  second w in te r ,  
f r e s h  snow was a v a i la b le  to  th e  e lk .  During the  f i r s t  w in te r  o f  th e  
s tu d y  a l l  o f th e  Black fo o t e lk  in c lu d in g  th e  c a lv e s  drank th e  w a te r , the  
Y ellow stone Park e lk  p r e f e r r in g  to  e a t  snow. The w ater was n o t measured 
q u a n t i t a t iv e ly  b u t the amount u se d  by th e  cow e lk  was judged t o  be about 
e ig h t  q u a rts  fo r  each an im al d a i ly ,  in c lu d in g  any e v ap o ra tio n . The 
c a lv es  used  about o n e -h a lf  as much as a cow e lk ,  o r  abou t fo u r  q u a r ts .
Some d i f f i c u l t y  was ex p e rien c ed  from th e  w ater f re e z in g  befo re  i t  was 
used  by the  e lk ,  b u t  as th e  s tu d y  p ro g re sse d , the  e lk  le a rn e d  to  use 
th e  w ater b e fo re  i t  became f ro z e n .
The range c a t t l e  used  i n  th e  study  had f re e  access  to  th e  w a te r 
in  Johnson’ s Spring  Creek and no q u a n t i ta t iv e  in fo rm a tio n  i s  a v a i la b le  
from th e se  an im als.
S a l t  Consumption 
Crushed rock  s a l t  was a v a i la b le  to  th e  e lk  from the  m iddle o f  
January  o f  th e  f i r s t  y e a r  o f  th e  s tu d y  and th roughou t th e  second y e a r .  
Very l i t t l e  s a l t  was consumed. Cows #3 and #8, fed  a bunchgrass d i e t ,  
used a sm all amount over an  ex ten d ed  p e rio d  o f  tim e . L i t t l e  d e s ire  f o r
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s a l t  -was ev id en t d u ring  the  second y e a r  o f th e  s tu d y . The range 
c a t t l e  had fre e  access  to  b lo c k  s a l t  and used  i t  f r e e ly  during  b o th  
y ea rs  o f the s tu d y .
C o n cen tra tes
D uring the  ad justm ent p e rio d  b e fo re  the  study  began each year^ 
o n e -fo u rth  to  o n e -h a lf  pound amounts o f  s t e e r  f a t t e n e r  p e l l e t s ,  manu­
fa c tu re d  by  th e  Montana “F lo u r M il ls ,  M issou la , Montana, were g iven  to  
each e lk . The food was a 1 ^ .0 0  p e r  c e n t p ro te in  c o n c e n tra te . Both 
th e  a d u lt  e lk  and the  c a lv e s  a te  the  c o n en tra te  f r e e ly  d u ring  th e  
f i r s t  year, b u t  during  th e  second  y e a r , th e  Yellowstone Park e lk  and 
the  e lk  ca lv es  re fu se d  i t  c o m p le te ly . The B lack foo t e lk ,  used i n  
the  s tudy , ag a in  used i t  f r e e l y  d u rin g  th e  second y e a r .
In f lu e n c e  o f  W eather 
N e ith e r co ld  w eather n o r  storm s caused any apparen t d isco m fo rt 
to  the  e lk  o r c a t t l e .  The c a t t l e  commonly bedded down under s h e l t e r  
b u t  th e  e lk  were never ob serv ed  u s in g  th e  s h e l te r s  because o f  inclem en t 
w eather. Tem peratures were r e l a t i v e l y  warm during  the  f i r s t  year o f  
th e  study  (F igu re  10) and th e  in f lu e n c e  o f  w eather f a c to r s  on fo rag e  
consum ption and w eight tre n d s  a re  d i f f i c u l t  to  i n t e r p r e t .  During the  
second w in te r  o f the  s tu d y  ex ten d ed  p e rio d s  o f  cold w eather were ex­
p e rien ced  b u t showed l i t t l e  e f f e c t  on the fo rag e  consum ption o f the  
e lk  (Talbe IX ). The average in ta k e  p e r  cow e lk  p e r  day s t e a d i ly  i n ­
c reased  th roughou t the  s tu d y  p e r io d  and canno t be c o r r e la te d  m th  
w eather c o n d it io n s , b u t r a t h e r ,  may be ex p la in ed  in  term s o f  tem pera-
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ment* As th e  e lk  became more a d ju s te d  to  th e  c o n d itio n s  o f  th e  s tu d y  
th e  fo rage  consum ption in c re a s e d .
TABLE IX
RELATION OF TEMPERATURE TO FOOD CONSUMPTION & WEIGHT RESPONSE
IN 19?U
Two-week 
P eriod
Ave. d a i ly  
Tem perature
Ave* in ta k e  
p e r  cow 
p e r  day
Ave. p e r  cen t 
g a in  o r lo s s  
i n  w eigh t 
p e r  cow
Ja n . 11 to  
Ja n . 2k
Ja n . 25 to  
Feb. 7
Feb* 8 to  
Feb. 21
Feb. 22 to  
Mar* 7
8.L°F
2lt.5°F
28.7®F
2l*7°F
8*71 lb s .  
9.1U l b s .  
10.02 l b s .  
10.89 l b s .
"1 .28^
-1 .7 2 ?
-2 .1 7 ?
+1.85?
SITMKA-Rr
1 .  A s tu d y  -was conducted  du ring  th e  m n te r s  o f  1953 and 195Ü 
to  o b ta in  a q u a n ta tiv e  food req u ire m e n t f o r  e lk  to use i n  p r e s o i t  and 
fu tu re  e lk  range su rveys. O th e r m ajor o b je c tiv e s  were to  r a t e  n a tiv e  
fo rage  p la n ts  f o r  use i n  in v e n to r y  work on e lk  ra n g e s , and to  compare 
n u t r i t i o n a l  va lues o f  v a rio u s  ty p e s  o f  feed  a v a ila b le  to  e lk  on the  
w in te r  ran g e ,
2 , A supp ly  o f stem  cu red  bunchgrass was h a rv ested  from th e  
Sun R iver Game Range each f a l l  f o r  use i n  the  S tudy, Meadow Hay was 
h a rv e s te d  each y ea r from th e  B X ackfoot-C learw ater Game Range* N ative 
browse sp e c ie s  were c u t a t  w eekly  in te r v a l s  th roughou t the  s tu d y  p e rio d ,
3* E leven cow e lk  and f iv e  e lk  ca lv es  were trap p ed  on the 
B lack foo t-C learw ater Game Range in  e a r ly  w in te r  o f 1953 f o r  use in  the 
s tu d y . Four mature rapge c a t t l e  were a lso  used i n  th e  s tu d y  the  f i r s t  
year* S ix  cow e lk  and fo u r e lk  c a lv e s  were tra p p e d  in  the  e a r ly  
w in te r  o f  195U on the  B la c k fo o t-C le a rw a te r  Game Range. Four a d d i t io n a l  
cow e lk  and one c a l f  were added to  the s tudy  from a group b ro u g h t in  
to  th e  B lack fo o t-C learw a te r Game Range as a p a r t  o f the  Y ellow stone 
park  re d u c tio n  program*
h* D ie ts  s tu d ie d  in c lu d e d  meadow hay, fed to  cow e lk , e lk  
c a lv e s , and mature range c a t t l e ,  stem  cured bunchgrass, fed  to  cow 
e lk ,  and brow se, fed  to  cow e l k .  Com bination d ie t s  o f  meadow hay- 
browse and bunch grass-brow se w ere a lso  fed  to  cow e lk . Food m a te r ia l  
was weighed and reco rded  to  o n e - te n th  pound* Animals on a l l  d ie t s  
were fe d  an u n re s t r ic te d  amount o f  th e  fo ra g e ,
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S# s ta n d a rd  fo rag e  a n a ly se s  were conducted by the Department 
o f  Chem istry R esearch, Montana A g r ic u l tu ra l  E xperim ent S ta t io n ,  Bozeman, 
Montana, and c a r r ie d  out i n  accordance w ith  A.O.A.C. s ta n d a rd s . L ign in  
v a lu e s  fo r  bo th  the  feed  and th e  fec es  were determ ined by the  a u th o r .
6 . Two cow e lk ,  fed  stem  cured bunchgrass du ring  th e  f i r s t  y e a r  
o f  th e  s tu d y , consumed an average  o f  10 .7^  pounds each o r 2 .30  pounds 
o f  fo rage  p e r hundredw eight. D uring  the second y e a r o f th e  s tu iy ,  two 
cow e lk  consumed an  average o f  7.7S pounds each , o r 1 .^8  pounds p e r  
hundredw eight.
7 . Three cow e lk ,  fe d  meadow hay during  the  f i r s t  year o f  the  
s tu d y , consumed an average o f  7 .23  pounds o f  fo rage  each , o r  2.0U 
pounds p e r  h u n d re d w e i^ t. One cow e lk  consumed an average of 9.72 
pounds of a i r  dry  fo rag e , o r  2 .0 9  pounds p e r  hundredw eight. F ive e lk  
c a lv e s , fed  meadow hay, consumed 6.7S pounds of a i r  dry  forage each 
o r  2 .59  pounds p e r  hundredw eigh t. D uring th e  second w in te r  o f th e  
s tu d y , f iv e  e lk  ca lv es  consumed an average o f 7.32 pounds o f  a i r  di^r 
fo rag e  each d a i ly ,  o r  2 .66  pounds per hundredw eigh t. Four mature 
range c a t t l e ,  fed  meadow h a y , consumed 1 7 .OU pounds o f  fo rage  d a i ly ,
o r 2 .oil pounds p e r hundredw eigh t. During th e  second y e a r  o f  th e  s tu d y , 
fi.ve m ature c a t t l e  averaged 1 9 .5 6  pounds each , o r  2 .36  pounds o f fo rag e  
p e r  h u n d re d w e i^ t.
8 . One cow was fed  m ixed n a tiv e  browse during  th e  f i r s t  1-ri.nter 
o f  th e  s tu d y . She consumed 8 .6 8  pounds o f  fo rag e  d a i ly ,  o r  1 .5 6  pounds 
o f  fbrage p e r hundredw eight. Two cow e lk ,  fed  th e  same d i e t ,  consumed
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an average o f  9 .77  pounds o f fo rag e  each , o r  2.08 pounds p e r  hundred­
w eigh t.
9 . One cow e lk ,  fed  a com bination  d i e t  o f  hay-browse consumed 
1 3 .ii pounds o f  fo ra g e , o r  3 .18  pounds p e r  hundredw eight. Two cow e lk , 
fed  t h i s  d i e t  th e  second y e a r  each  consumed 12.93 pounds o f  a i r  d ry  
fo rage  o r  2.ii5 pounds p e r  hundred  w e ig h t.
10. Two cow e lk , fe d  a bunchgrass-brow se d i e t  during  th e  f i r s t  
m n te r ,  consumed an average o f  11.80 pounds o f  fo ra g e , o r  2.1:9 pounds 
o f  fo rage  p e r hundredw eight. Tt-jo cow e lk , fed  th e  same d i e t  du rin g  
th e  second w in te r  o f  th e  s tu d y  consumed 9*28 pounds o f  a i r  d ry  fo rage 
d a i ly ,  or 1 .9 0  pounds p e r  hundredw eight.
1 1 . One cow e lk  was g iv en  a com bination d i e t  o f  bunch g ra s s -  
c o n ife r  browse d u rin g  the  second  y e a r o f  th e  s tu d y . She showed no 
p re fe ren c e  fo r  c o n if e r  b row se. The bunchgrass she consumed was in c lu d ed  
under t h a t  head ing .
12. The amount o f  brow se e a te n  compared to  th e  t o t a l  amount 
a v a i la b le  was one method used  to  r a te  th e  d i f f e r e n t  sp e c ie s  o f  browse 
u sed  by e lk  in  th e  s tu d y . Dogwood was g iven  a num erica l r a t in g  o f 
16 .39  p e r c e n t ,  snowbrush 1 6 .0 7  p e r c e n t ,  w illow  1 0 .9ii p e r  c e n t , 
m ountain maple 7 .SO pe r c e n t ,  s e rv ic e b e r ry  6 .19  p e r  c e n t, and sage­
b ru sh  and r u s s e t  b u f fa lo b e r ry , 0 p e r  c e n t , du rin g  th e  f i r s t  w in te r  o f  
th e  s tu d y . D uring the second y e a r  o f  th e  s tu d y , snowbrush again  r a te d  
h i p e s t  w ith  27.58 p e r c e n t ,  w illow  lU .99  per c e n t .  Dogivood 11.91; p e r  
c e n t ,  m ountain maple 10 .06  p e r  cen t and s e rv ic e b e r ry  7.55 p e r  c e n t .
^9
13* P reference  r a t i n g  fo r  each browse s p e c ie s , based on the  
average amount e a te n  p er day  b y  the  e lk ,  du ring  the  f i r s t  w in te r  o f  
the  s tu d y , was s e rv ic e b e r ry  3U»60 p er c e n t , id-llow 29*35 p e r  c e n t, 
dogwood 12*14? p e r  c e n t , snowbrush 12.15 p e r  c e n t, m ountain maple 11.1:3 
per c e n t,  and sagebrush and r u s s e t  b u f fa lo b e rry  0 p e r  cent* During 
the  second w in te r  o f  the  s tu d y , s e rv ic e b e r ry  made up 36.58 p e r  c e n t 
o f the  d i e t ,  w illow  25*59 p e r c e n t ,  snowbrush l5 * l5  per c en t, m ountain 
maple 1 1 .Tl: per c e n t, dogwood 10.91: p e r cen t and sagebrush  and r u s s e t  
b u f fa lo b e rry  0 p e r  c e n t .
ih*  The r e l a t i v e  d i g e s t i b i l i t y  o f  the  d i f f e r e n t  d ie t s  u sed  in  
the  study  was c a lc u la te d , u s in g  the  l ig n i n  in d ex  m ethod. The meadow 
hay had th e  h ig h e s t  d i g e s t i b i l i t y ,  stem cured bunchgrass nex t and 
browse very low.
CONCLUSIONS
An ad eq u a te  d a i l y  f e e d  a llo w a n ce  f o r  cow e lk  a p p ea rs  to  b e  
a p p ro x im a te ly  2*2  pounds o f  a i r  d ry  fo ra g e  p e r  hundred  pounds o f  l i v e  
w e ig h t. A f iv e  hundred  pound cow e lk  sh o u ld  th e n  have ab o u t e le v e n  
pounds o f  fo ra g e  p e r  day  u n d e r  w in te r  c o n d i t io n s .  The fo ra g e  r e ­
q u irem en t p e r  hundred  w e ig h t f o r  th e  c a t t l e  fe d  i n  th e  s tu d y  was v e iy  
s im i la r  to  t h a t  o f  a d u l t  cow e l k .  The r e l a t i v e  req u ire m e n ts  o f  cow 
e lk  and c a t t l e  a re  th e n  p r o p o r t io n a l  t o  t h e i r  w e ig h ts . A o n e -th o u san d  
pound cow w i l l  r e q u i r e  tw ice  th e  fo ra g e  t h a t  a f iv e  hundred  pound e lk  
w i l l  r e q u i r e .  E lk  c a lv e s  have a  h ig h e r  fo ra g e  re q u ire m e n t p e r  h u n d red  
w e ig h t and resp o n d ed  w e l l  to  th e  c o n d it io n s  o f  th e  s tu d y .
M ature stem  cu red  b u n c h g ra ss  has h ig h  en e rg y  v a lu e s  f o r  e lk  
n u t r i t i o n  d u r in g  th e  w in te r  even  th o u g h  chem ical a n a ly s i s  o f  th e  
fo ra g e  i n d i c a t e s  t h a t  i t  i s  d e f i c i e n t  i n  many e s s e n t i a l  n u t r i e n t s .  
D e f ic ie n c ie s  in  th e  food  m a te r i a l  had l i t t l e  a p p a re n t e f f e c t  on th e  
a n im a ls  d u r in g  th e  p e rio d  o f  th e  s tu d y .
Cow e l k  w i l l  r e a d i ly  u t i l i z e  d ec id u o u s brow se b u t may n o t  be  
c ap a b le  o f  d ig e s t in g  t h i s  type  o f food  m a te r ia l  a s  e a s i l y  a s  meadow 
hay o r b u n c h g ra s s . The d a ta  se c u re d  on  th e  use  o f  browse i s  n o t 
c o n s i s t a n t  w ith  th e  g e n e r a l  o p in io n  h e ld  b y  many w orkers i n  th e  f i e l d .  
C om bination d i e t s  c o n ta in in g  b ro w se , u se d  i n  th e  s tu d y , p ro v ed  to  b e  
s a t i s f a c t o r y  u n d e r  th e  c o n d i t io n s  o f  th e  s tu d y .
I n  g e n e ra l ,  th e  cow e lk  l o s t  w e ig h t th ro u g h o u t th e  s tu d y  p e r io d  
d u r in g  two w in te r s ,  b u t  l o s t  more w e ig h t on a browse d i e t  th a n  w ith
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e i t h e r  bvinchgrass o r  meadow h ay . W e i ^ t  lo s s e s  w ere n o t  e x c e s s iv e ,  
how ever, and may be l e s s  th a n  th e  n o rm al lo s s  i n  w e ig h t commonly ex ­
p e r ie n c e d  by  i-rild e lk  d u r in g  the  w i n t e r  p e r io d .
The absence  o f  n e c r o t i c  s t o m a t i t i s  i n  th e  e lk  c a lv e s  s u g g e s ts  
t h a t  th e  h a y  u sed  i n  t h e  s tu d y  and th e  c o n d i t io n s  o f  th e  fe e d in g  w ere 
such  t h a t  n e c r o t ic  s t o m a t i t i s  need  n o t  be tlie e x p ec ted  consequence  o f  
meadow hay  fe d  to  e lk  c a lv e s .
A dequate amounts o f  th e  v a r io u s  brow se s p e c ie s  were n o t  a v a i l ­
a b le  to  o f f e r  a com plete r a t i o n  o f  e a c h  s p e c ie s  to  th e  an im al to  o b ta in  
a t r u e  p re fe re n c e  r a t i n g .  However, w illo w  was u t i l i z e d  more r e a d i l y  
th a n  s e r v ic e b e r r y  b u t  s e r v ic e b e r r y  a n d  m o un ta in  m aple u se  i n d i c a t e s  
th e s e  s p e c ie s  a re  v e ry  d e s i r a b le  on a  w in te r  ra n g e . O th e r brow se 
s p e c ie s  were a ls o  r e a d i l y  ta k e n  when s u p p l ie s  o f  them  were a v a i l a b l e .  
S a g eb ru sh , r u s s e t  b u f f a lo b e r r y  and c o n if e ro u s  brow se were n o t  u t i l i z e d  
by  th e  e lk .  Heavy u se  o f  th e s e  s p e c ie s  on some e lk  w in te r  ra n g e s  
m ust im p ly  e x c e s s iv e  u se  on o t h e r  m ore p r e f e r r e d  fo ra g e  s p e c ie s .
APPENDIX
D e ta i le d  D e s c r ip t io n  o f  th e  L ig n in  D e te rm in a tio n  Method a f t e r  E l l i s
M atrone , and M aynard , 19h6
Weigh one gram o f  a i r  d r ie d  m a t e r i a l  ground to  p a s s  a  UO mesh 
s c re e n  i n to  a  c o a rse  p o r o s i t y  alundum  e x t r a c t i o n  th im b le  and e x t r a c t  
th e  sam ple "with an e th a n o l-b e n z e n e  m ix tu re  (32 p a r t s  95 p e r  c e n t  e th a n o l  
to  68 p a r t s  by  w e ig h t o f  b en zen e ) f o r  it hou rs*  Then w ith  th e  a id  o f  
s u c t io n  wash th e  sam ple i n  t h e  th im b le  w i th  two sm a ll  p o r t io n s  o f  95 
p e r  c e n t  e th a n o l  fo llo w ed  b y  two s m a ll  p o r t io n s  o f  e th e r*  H eat a t  it5®C 
i n  a n o n -sp a rk in g  oven t o  d r iv e  o f f  a l . l  e t h e r  and  t r a n s f e r  th e  sam ple 
to  a  50 m l. g la s s - s to p p e r e d  S rle n m e y e r f l a s k .  Add UO m l. o f  1 p e r  c e n t  
p e p s in  (IT. S. P* g ra d e )  i n  o . l  N HCl and in c u b a te  a t  itOoc. o v e rn ig h t ,  
sh a k in g  the f l a s k  a few t im e s  d u r in g  th e  f i r s t  h o u r  to  in s u r e  th o ro u g h  
m ix in g . The n e x t  m orning t r a n s f e r  th e  r e s id u e  to  a  250 ml* w ide-m outh  
E rlen m ey er f l a s k  w ith  th e  a id  o f  a s tr e a m  o f  h o t d i s t i l l e d  w a te r .  F i l t e r ^ ,
^ F i l t r a t i o n  i s  c a r r i e d  o u t  w i t h  a  f i l t e r  s t i c k  u s u a l ly  r e f e r r e d  
to  a s  an  im m ersion  tube  w i th  f r i t t e d  g la s s  d is k  b y  m ost su p p ly  h o u se s .
The a u th o r s  use  a p y re x , 30 mm. d ia m e te r ,  medium p o r o s i t y  type*  A row 
o f  12 f i l t e r  s t i c k s  f o r  s im u lta n e o u s  u s e  i s  s e t  up  u s in g  s i x  s tu d e n t  
m odel, d o u b le  b u r e t t e  h o ld e r s .  An 18  cm. l e n g th  o f  10 mm* g la s s  tu b in g  
f i t t e d  w ith  a 5 cm. s id e  arm n e a r  th e  upper e n d , p r o j e c t in g  a t  an up­
ward a n g le , f i t s  i n t o  th e  b u r e t t e  c lam p and i s  c o n n e c te d  to  th e  vacuum 
l i n e  a t  th e  to p  by  ru b b e r  tu b in g  and jo in e d  a t  th e  bo tto m  w i th  a s h o r t  
s e c t io n  o f  ru b b e r  tu b in g  to  th e  f i l t e r  s t i c k .  The pu rp o se  o f  th e  s id e  
arm i s  to  f a c i l i t a t e  th e  in tro d u c tio n  o f  l i q u i d s  i n to  the  i n s id e  o f  th e  
f i l t e r  s t i c k  f o r  th o ro u g h  w ash ing  o f f  o f  s o l i d s  from  th e  f r i t t e d  d i s k .
S ince  t h e  a u th o r s  have found  t h a t  a b o u t  o n e - th i r d  o f  th e  f i l t e r  s t i c k s  
as p u rc h a se d  a re  u n s a t i s f a c t o r y ,  i t  i s  a d v is a b le  to  p u rc h a se  more th a n  
needed  and d i s c a r d  th o se  t h a t  do n o t  f i l t e r  w e l l .  The f i l t e r  s t i c k s  
a re  c o a te d  w ith  p ie -a s k e d  d ia to n a c e o u s  e a r t h  ( h y f lo  S u p e rc e l ,  Jo h n s -  
Man’/ i l l e ,  N. W.) by  su sp en d in g  some i n  w a te r  and su c k in g  o n  a  t l i i n  
l a y e r  w ith  vacuum . T his u s u a l l y  i s  s u f f i c i e n t  f o r  e a sy  f i l t r a t i o n ;  
i f  n o t ,  e x t r a  S u p e rc e l added  to  th e  r e s id u e  b e in g  f i l t e r e d  v j i l l  
o f t e n  h e lp .
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add  20 to  30 m l, o f  ho t w a te r ,  and a g a in  f i l t e r .  Wash th e  r e s id u e  i n  
t h i s  m anner th r e e  t im e s .  A f te r  th e  l a s t  f i l t r a t i o n ,  fo rc e  7 t o  8 m l. 
o f  5 p e r  c e n t  (by  w e ig h t)  HgSO^ s o l u t i o n  downward th ro u g h  th e  f i l t e r  
s t i c k  w ith  th e  a id  o f  a i r  p r e s s u r e ,  th u s  w ashing  th e  r e s id u e  from  th e  
s t i c k  i n to  th e  f l a s k .  Wash th e  s t i c k  f u r t h e r  w ith  5 p e r  c e n t  H^SO^ 
and add a  s u f f i c i e n t  volume to  b r i n g  t h e  t o t a l  to  a p p ro x im a te ly  1^0 
m l. A f te r  r e f lu x in g ^  f o r  one h o u r , th e  a c id  i s  f i l t e r e d  o f f .  Wash 
th e  r e s id u e  th r e e  tim e s  w i th  20 to  30  m l. p o r t io n s  o f  h o t d i s t i l l e d  
w a te r , tw ice  w ith  1$ to  20 p o r t io n s  o f  9$  p e r  c e n t  e th a n o l ,  and tw ic e  
w ith  1$ m l. p o r t io n s  o f  e th e r .  A f t e r  th e  f i n a l  e th e r  w ash ing , le a v e  
th e  vacuum on a  few m in u tes  to  d ry  th e  r e s i d e .  By ta p p in g  and 
b ru s h in g  remove th e  re s id u e  from  the  f i l t e r  s t i c k  le a v in g  i t  i n  th e  
same f l a s k .  E v ap o ra te  r e s i d u a l  e t h e r  i n  o v en  a t  Some im m ature
p l a n t  m a te r i a l s  d ry  from  e t h e r  i n to  d is k s  d i f f i c u l t  to  b re a k  up  in to  
a  f i n e l y  d iv id e d  s t a t e .  I n  th e s e  c a s e s  wash dovm th e  f i l t e r  s t i c k  
vn.th e t h e r  and d is p e r s e  th e  r e s id u e  i n  th e  e th e r  b e fo re  e v a p o ra t in g  
i t  on a  steam  b a th .  To th e  r e s id u e  add  20 m l. o f  72 p e r  c e n t  
(b y  w e ig h t)  a t  20^0. f o r  2 h o u rs  w i th  o c c a s io n a l  s t i r r i n g .  Then add  
12$ m l. o f  w a te r , f i l t e r ,  wash once v rith  a 1$ to  20 m l. p o r t io n  o f  
h o t  w a te r  and a g a in  f i l t e r .  Wash r e s id u e  from  th e  f i l t e r  s t i c k  as 
b e fo re  -with a 3 p e r  c e n t  HgSO^ m aking th e  volume to  1$0 m l. an d  
r e f lu x  2 h o u rs . F i l t e r  th e  r e s id u e  i n t o  a Gooch o r  a n  alundum  c r u c ib le  
and wah th e  r e s id u e  w ith  hot d i s t i l l e d  w a te r  u n t i l  f r e e  o f a c i d .  Dry 
a t  10$°c  t o  110°C and de te rm ine  l i g n i n g  b y  lo s s  o f  w e ig h t on  i g n i t i o n  
a t  600OC.
^An ASTM e x t r a c t io n  a p p a ra tu s  i s  u sed  f o r  a l l  re  f lu x in g  o p e ra ­
t i o n s .
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CHEMICAL ANALYSIS OF FORAGE SPECIES AND RATIONS 
USED IN 1952-1953 ELK NUTRITION STUDY 
DETERMINED BY THE AGRICULTURAL EXPERIMENT STATION, BOZEMAN, MONTANA
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Bunchgrass, Blackfoot F a ll 5.6 3 .7 3 .0 36.4 45.7 5.6 .OS .49 3 .0 9.1
Bunchgrass, Blackfoot Spring 5.0 3 .6 2.9 38.7 44.5 5.3 .05 .26 1.5
Bunchgrass, Sun River F a ll 5.5 3 .0 3.7 35.7 46,0 6.1 .05 .78 0 .5 - 6 .4
Bunchgrass, Sun River Spring 5.3 2.7 3 .4 37.2 44.7 6.7 .04 .37 0.5
Bunchgrass, G a lla tin Spring 5.2 3.3 1.6 37.9 44.2 7.8 .06 .31 1 .0
Meadow Hay, Blackfoot Summer 5.4 4.1 l .S 28.6 54.2 5.9 .13 .42 20.2 6.5
Willow, Evaro W inter 5.4 6 .4 6.1 24.3 52.6 5.2 .16 1.93 12.3: 20.7
Maple, Evaro Winter 5.0 7.5 3.3 37.3 43.4 3.5 .IS 1.63 14.7 15.3
Servie eberry , Evaro W inter 5.3 5.7 4.8 22.1 57.4 4.7 .11 1.02 4.7 19.4
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Bunchgrass, Blackfoot F a ll 4*4 4*6 3.0 36.8 45.7 5.5 .10 .50 0 .0
Bunchgrass, Sun River F a ll 4 .7 4.0 4.3 32.8 48.5 5.7 .03 .09 0.5 9.43
Bunchgrass, Sun River Spring 5.0 2.9 3.2 35.4 48.6 4.9 .01 .90 0.5
Meadow Hay, Blackfoot Summer 4.Ô 7.8 2.6 27.0 49.9 7.9 .15 .47 54.0 8.41
Willow, Evaro Winter 4 .1 6*6 9.5 28.2 48.5 3 .1 .13 1.43 4.0 18.29
Maple, Evaro Winter 4 .8 6,4 4 .1 26.6 55.2 2.9 .14 1.20 4.0 17.55
S erv iceberry , Evaro Winter 4 .1 7.1 4.4 24.4 57.0 3 .0 .14 1.06 8.0 17.01
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